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PKEFATOEY LETTER. 

My DEAii Dr. Ogle, — I am extremely glad to hear 
that you have undertaken to edit Kernor’s work on 
Flowers and their Unbidden Crnests ; for it opens out 
a highly original and curious field of research. It is 
possible that some of Kernels generalisations may 
hereafter require to be slightly modified ; but I feel 
sure thati> eVeiy remark which he has made well 
deserves careful consideration. The beauty and poetry 
of flowers will not be at all lessened to the general 
observer, by his being led through Kerner’s investiga- 
tion to notice various small, and apparently cpdte 
unimportant, details of structirre, — such as tlie presence 
of differently directed hairs, viscid glands, etc., which 
prevent the access of certain insects, and not of others. 
He will, I believe, come to the conclusion that flowers 
are not only delightful from their beauty and fragrance, 
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but display most wonderful adaptations for various 

purposes. I cordially wish that your translation may 

find many readers, not so much for your sake as for 

theirs. 

Believe me very faithfully yours, 

CiiAULKS 1 )ai:win. 

Down, 1Jecken]<am, Kent, 

August 17, 187S, 



EDITOR’S PREFACE. 


The year 1802 will ever be a memorable date in the 
annals of botany, as that in which Mr. Darwin pub- 
lishcd his classical work on the fertilisation of Orchids, 
and in so doing disclosed a wide and unexplored region 
to the research of physiological botanists. Since then 
a huge mass of observations has been gradually ac- 
cumulating, the general result of which is to con- 
firm with great certainty the truth of the Darwinian 
generalisation, that, so fiir at any rate as plants are 
concerned, “ Nature abhors perpetual self-fertilisation,’’ 
It has been shown that in the vast majority of flower- 
ing plants — exceptions may liere be disregarded — 
appliances exist which will at any rate secure a more 
or less frequent intercross, and that in many of theiip, 
moreover, these appliances completely exclude the 
possibility of self-fecundation. 

The agency by which this result is obtained, and 
the pollen transported from one flower to another, may 
be either inanimate or animate. 

In the former case it is the wind, or exceptionally 
{Valisneria spiralis) water. Plants thus fertilised pre- 
sent certain peculiarities. Their pollen, for instance, 
is dusty, so as to be easily diffused by a slight current. 
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Their flowers have inconspicuous petals, or none ; ex- 
hale no sweet odour ; secrete no sweet nectar. They 
have no object in attracting insects, and consequently 
appeal to none of their senses. 

It is quite otherwise when the agency of pol- 
lination is animate. The animate agent is in some 
comparatively few instances a bird, but as a gene- 
ral rule is an insect. These must be allured to the 
flower ; and this accordingly appeals to their sight 
or smell by brilliant colours and by attractive scents. 
These colours and these scents draw the insect to 
the flower from a distance ; but by themselves they 
would be but empty gratifications, unprofitable to 
insect and to flower alike. Something more sub- 
stantial must be offered ; something that will prevent 
the insect from merely loitering about the flower in 
idle satisfaction, and that will induce it to probe the 
recesses of the blossoms, and in so doing to transfer 
the pollen of one flower to the stigma of another. 
This further allurement is addressed to the palate ; 
and though in some cases it is nothing more than the 
pollen itself, in most it is supplied by the secretion 
of a sweet fluid, the so-called nectar. 

Now Nature, who at first sight often appears a 
prodigal, is always found oh closer examination to be 
the most rigid of economists; If no insects are to be 
allured, she gives, as we have seen, no nectar ; she cuts 
off the bright petals, and suppresses the attractive 
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odours. Nor even when a bait is wanted will she 
give it one minute sooner than necessary. The bril- 
liancy, the scent, and the nectar are only furnished 
when the flower is ready for its guests, and requires 
their presence ; just as a thrifty housewife lights her 
candles when the first guest is at the dpor. The 
immature bud is furnished with no such attractions. 
Still more, even when the flower is mature, when its 
pollen is ready for transference or its stigma for 
fecundation, when all the allurements are consequently 
displayed and insects invited to the feast, she still 
shows her economy. Guests might come who were 
not of sufficient importance, and the banquet be 
wasted on them ; for it is only when insects have a 
certain shape, size, or weight that she requires their 
visits, and can use tliem profitably for her purposes. 
She requires, moreover, that they shall make their 
entrance by tlie main portal, which she has specially 
adapted to suit their and her requirements. All insig-, 
nificant and un remunerative visitors, all such, more- 
over, as would creep in by a back entrance, must be 
kept out ; and the purpose of this treatise is to show 
by what various contrivances this exclusion is effected. 

The subject is new, though a branch of the tree 
planted bx Darwin. Dor if some feeble ink- 
lings of the existence in ^flowers of such ; excluding 
contrivances may have occurred to other persons,-— 
nay, may even have been distinctly enunciated by 
B 



X 


Preface. 


them, — the fruitful recognition of the fact and its 
establishment by convincing evidence is to be found 
for the first time in this treatise of Kerner. To him 
exclusively will be due the merit of having interpreted 
the meaning of a vast number of floral structures, which 
before he wrote were passed over as purposeless. 

It is curious, however, to note tliat so long ago as 
in the last century, Erasmus Darwin, in his Lottes of 
the Plants, should have remarked on the protective 
function of one of the appliances described by Kerner, 
namely, of the water-cups formed by the connate leaves 
of the teasel ; and should even have alluded to the 
nectar as one of the treasures to be thus guarded.^ 
As this writer was of course quite ignorant of the true 
relations between insects and flowers, which have been 
made known to us by his grandson, it is not easy to see 
why he should have supposed that the nectar required 
protection, or indeed what use at all he can have 
ascribed to tliis secretion. It is in a later and quite 
recent author tliat we find the first clear anticipation 
of Kerner. Mr. Belt, in his charming work on Nica- 
ragua (p. 1 3 1 -3), distinctly recognises the fundamental 
point in this essay of Kerner. “ Many flowers,” he 
says, “ have contrivances for preventing useless insects 
from obtaining access to the nectaries ; ” and after 
illustrating this statement by a detailed account of the 
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^See Mr. Francis Darwin: Quart. Journ. of Micros. Scmict, 
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contrivances for this purpose in Digitalis 'purjpurea, 
he adds, '' Great attention has of late years been paid 
hy naturalists to the wonderful contrivances amongst 
flowers to secure cross-fertilisation, ihit the structure 
of many cannot, I believe, be understood unless we 
take into consideration not only the beautiful adapta- 
tions for securing the services of the yu’oper insect or 
bird, but also the contrivances for preventing insects 
that would not be useful from obtaining access to the 
nectar;” and lie instances the lengthy spur of 
A ngrwmm seng uipeda le. 

Tliese are the only anticipations of Keriicr that I 
have found in books, though doubthjss there may be, nay 
probably are, others unknown to me. 1 may, however, 
perhaps be forgiven the little egotism that prompts me 
to give the following account of observations made by 
myself. 

In the early spring of 187G I was spending a 
holiday at tlie Italian lakes. Close to my inn was a 
bank profusely covered with rough grass and flowers, 
amongst which Lychnis viscaria was pre-eminent. 
Having it constantly before me, I was led to speculate 
as to the possible uses of the viscous secretion, which 
in this pHnt forms a ring round the stem, just above 
each of the higher nodes. I was not then acquainted 
with the passage cited above from Mr. Belt’s book, and 
my first surmise was that the viscous matter might act 
as a trap for small insects, which were to be seen 
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adhering to it in numbers, and that these insects might 
then be digested and absorbed. But this I soon saw 
could not be the case. The viscous matter was without 
taste or smell, and clearly had no attractiveness to 
insects, for none were ever to be seen buzzing about it. 
Moreover, a few days’ observation showed that the 
adhering insects were in fact not digested, nor even 
dissolved. Might not its use then be to keep insects 
that were too small to effect cross-fertilisation, and 
especially to keep ants, from crawling up the stem to 
the flowers ? 

That it did as a matter of fact keep them off was 
plain. The bank swarmed with ants, which were to be 
seen running up and down many of the other flowers in 
numbers. But not a single ant did I ever find climbing 
up a lychnis-stem. If one v^as put on a sticky ring it 
adhered there, and never succeeded in getting free. The 
ants seemed to have found out by previous experience 
'how useless it was to try to mount this plant, and rarely 
was one to be seen even on the part of the stem which 
was below the undermost viscid ring. That the stem 
should only be viscid in part and not throughout was 
intelligible enough, on the principle of economy. But 
why were not the viscid rings reduced on the same 
principle to a single one ? Seeing how efficacious and 
utterly impassable the viscid matter was, it seemed as 
though a single ring would do as well as a series. 

The following appeared to me to be a possible ex- 
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planation. Were there bub one ring, the blades of grass 
and other plants that grew intermixed with the lychnis, 
and which came into contact with it at all kinds of points 
and all kinds of angles, would serve as so many ladders 
by which the ant might reach a point on the stem above 
the solitary ring, and so get at the nectar. The repeti- 
tion of the rings would make this impossible, unless, 
indeed, the ladder chanced to be set against the flower 
itself, or against the uppermost extremity of the stem. 
Doubtless, if the viscid ring were at the very top of the 
stem, or if the calyx itself were viscid, the same result 
would be obtained. And as a matter of fact this was 
the arrangement in sundry plants, as in the Nottingham 
Catch-fly {Silene nutani), where only the calyx and up- 
permost stem were viscid, whereas in the English Catch - 
fly (f. Angliea) the whole plant was sticky. The condi- 
tion of the Lychnis viscaria seemed intermediate to these. 
The stem might perhaps have once been sticky all over ; 
and then the viscidity have become limited on econo- 
mical grounds to the nodes, and might in further ages 
perhaps become limited still further to the top of the 
stem. Nor were indications of such a possible event 
wanting, for already the lowest nodes of the stem were, 
as I found, destitute of viscid secretion. 

On my return home, I propounded my hypothesis 
as to the functional significance of viscidity to Mr. 
Darwin, of whose inexhaustible kindness in listening 
patiently to the crude guesses of amateur naturalists I 
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had previous experience. ITe very wisely said, that 
whether the hypothesis turned out to he a correct one 
or not, one thing was plain, that the amount of evidence 
I had to give in its support was not enough for the 
purpose. I left the matter therefore for the time alone, 
and promised myself to hunt for further evidence, when 
my next year s holiday should come. But before that 
time came, this essay of Kerner made its appearance, 
rendering all further evidence unnecessary. He shows, 
by a mass of evidence which cannot but enforce con- 
viction, that a viscid stem or viscid calyx is only one 
amongst many contrivances, by which useless insects 
are excluded from the nectaries. Tlie general result of 
his essay is to show, that, as tlie ])resence of nectar in 
a flower implies most surely cross-fertilisation by the 
agency of suitable animals, so also does it, with almost 
equal certainty, imply the presence of some or other 
contrivance by wliich that nectar shall be preserved 
<rom unsuitable ones. 

The simplicity of some of the contrivances, and the 
ingenuity of others, and the variety of methods by 
which the same end is attained, arc most striking. And 
if the reader derive but half the pleasure that I have 
(lone from their study, he will feel grateful for having 
Kerner’s essay made readily accessible to him. 

THE EDITOR 


Ocfoher, 1878. 
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CHAPTEll L 

INTRODUCTORY REMARKS. 

Among the current phrases which the flood of litera- 
ture on the theory of natural selection has brought 
to the surface, there is scarcely one more frequently 
used, and perhaps also misused, than “the preserva- 
tion of advantageous varieties.” These words do in 
truth sum up the whole theory, and there is nothing 
in the theory itself which can be made a reason- 
able ground of objection to them. The questions, 
however, which lie at the base of this theory remain, 
and will long remain, open to discussion — the ques- 
tion, that is, as to “ the primary cause of individual 
varieties,” and further, the question as to “the ad- 
vantages derivable from any given peculiarity in an 
organism.” 

It appears to me to be urgently necessary that instead 
of indulging in oft-repeated, wide -branching, theo- 
retical discussions on the preservation of advantageous 
varieties, we should make the establishment of the 



2 Flowers and their Unbidden Guests. 


facts our main object, should institute new experiments 
which may place the theory on a firmer basis, and 
should so solve the questions at issue by the experi- 
mental method. It cannot be denied that the founda- 
tions on which the theory at present rests were for 
the most part built up and obtained without known 
aim or purpose ; that they consist of observations 
which were the result of accident rather than of 
definite intention, and which consequently present all 
the deficiencies which cling to chance or almost chance 
observations. The foundations, in short, are not such 
as can be relied on with perfect confidence, since most 
of the older observations leave room for doubt whether 
the observer even saw correctly, or whether, misled by 
some favourite hypothesis, he did not put down as an 
actual fact what was in reality no more than a con- 
jecture. The records, at any rate, of botanical literature 
are vitiated by a larger intermixture of falsity and 
‘-fiction than any one would have thought possible in an 
experimental science. Observers have been eager to 
make their conclusions harmonise with the systematic 
descriptions and artificial separations of species to be 
found until quite recently, nay, even in the present 
day, in tlie leading phytographical works ; and one 
finds in consequence the most absurd statements set 
forth as “ experimental results.” Authors, who had 
neither the opportunity, nor moreover the requisite 
patience and determination, to test by experiment the 
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pretended constancy or variability of species, declare 
with imposing certitude that, in' laying down the 
boundaries between species, represented by them as 
systematic units, they were supported by results de- 
rived from the cultivation of plants under observation. 
Nay, even those who were in a position to proceed 
experimentally, did not hesitate, in their eagerness to 
support a preconceived idea, to issue as true coin 
fictitious observations. If to writers such as these we 
add those others who had no intention to deceive, but 
who rather deceived themselves in consequence of 
improper methods of research or carelessness of obser- 
vation, then indeed must all confidence in the state- 
ments of past writers fail us ; and this the more, as we 
have no possible means of correctly separating the 
chaff from the wheat. 

Doubtless it is a very convenient plan to select, by 
your own standard, out of the chaos of existing state- 
ments, such as can serve to support a given hypothesis^ 
and to adopt these as “ recognised facts whilst you 
represent those which cannot be brought into harmony 
with it as the results of erroneous experimentation and 
of ignorant or inexact observation. But in the build- 
ing up of a science no good can come from such an 
arbitrary choice of materials. Considering, therefore, 
the utter uncertainty we are in as to the use of the 
older statements, there remains no other course open 
to us than to begin the whole work afresh, and so 
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patiently provide ourselves with fresh building- stones 
which shall be beyond suspicion. For the solution of 
the questions at issue, experiments and observations 
must be carried out with definite aim, so that all sub- 
jectivity may be as far as possible excluded, and so 
that each person may have it in his power to test their 
accuracy by repetition. 

As regards one of the questions mentioned above as 
underlying the theory of natural selection, namely, “ the 
primary cause of individual varieties or sub-species,” 
I shall have an opportunity this year in anotlier place 
of publishing a series of observations bearing on the 
question. To the solution of the second question, 
namely, “ how far certain characters in the bearer are 
of advantage to the same,” the following pages may 
furnish a small contribution. 



CHAPTER II. 


ADVANTAGES WHICH ACCRUE TO THE PLANT 
FROM BEARING FLOWERS, AND ESPECIALLY 
FROM CERTAIN CONFORMATIONS OF PARTS 
OF THE FLOWER. - 

Attempts have been made to arrange the characters of 
plants under two beads ; those which give their bearers 
some definite advantage, and those which' give none. 
The former are spoken of as physiological characters, 
the latter as morphological. It was thought incon- 
ceivable that any advantage could arise to a plant 
. through having, for example, its leaves decussated in- 
stead of their being arranged quincuncially. This notion 
does not appear to me to be justified. That unadvan-^ 
tageous characters can appear in an individual, and in 
fact do appear not rarely, nay that deviations of forma- 
tion arise which are of direct disadvantage, is not 
indeed to be disputed ; and this fact is of wide signifi- 
cance in other questions. But just as certain is it, 
that the bearers of such unadvantageous characters 
never form the starting-point of a new species, but 
vanish, being driven from the scene by the bearers of 
advantageous characters. As regards the special case 
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of a certain position of the leaf, the advantages it 
confers have been hitherto merely overlooked, or un- 
recognised. But the mere fact that a person does not 
at once perceive an advantage does not justify him in 
assuming that none exists ; and any one who builds 
up a structure of hypotheses, the uncertainty of which 
is, moreover, increased by his own short-sightedness, 
must not be surprised to see liis building forthwith 
tumble to the ground. 

I hold the opinion that the position, direction, and 
shape, of the leaf is of just as great significance for the 
preservation of a species, as the form, colour, and smell 
of the flower ; and that no hair is meaningless, whether 
found on the cotyledon or the leaf, on the stem or 
the blossom. 

It is true that we know as yet very little as to the 
functional significance of the position and form of the 
several parts of plants. The very elements of their 
biology are as yet scarcely well made out. Thei e is in 
science as elsewhere a changing fashion, and this gives 
to its teaching a preferential turn, now in one now in 
another direction. Most workers give their attention 
preferentially to that object which seems at the time 
most important ; . and among the branches of Botany 
which during the last few decades have been shoved 
aside, is unfortunately to be counted Biology ; that is to 
say, the determination of the functional significance of 
morphological characters. 



Flower-shapes and their Causes. 7 

The part which hitherto has, in proportion to the 
rest, been most thoroughly studied is the significance of 
the endless varieties of form presented by the flower ; 
and the relations which exist between the parts of the 
flower and the animals which visit it have been especial 
objects of attention. In this impiiry there has been 
indisputably no lack of one-sided views and erroneous 
interpretations. With the common tendency of ex- 
plorers to confine themselves to the path indicated by 
some first successful experiments, men have tried to 
explain everything they possibly can by the relation 
between the* shape of the flower and that of tlie animals 
that visit it ; and, as was unavoidable, in so doing they 
have often overshot the mark, and by tl\eir one-sided 
mode of viewing the matter, have overlooked, entirely 
or in part, other definite advantages not thus to be 
explained. 

In my treatise on the means by which pollen is 
protected from premature dispersal, and from wet, I 
have pointed out a number of such errors, and have 
shown that many peculiarities of shape presented by 
flowers, which it was supposed were to be explained 
only by reference to the visits of insects, are in reality, 
either not at all or not exclusively concerned therewith. 
It is manifest that those forms will be most likely to 
be preserved, and those structures to be most frequently 
developed, which combine a plurality of advantages ; 
because thus the greatest possible results will be ob- 
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tained with the least possible expenditure. And in 
fact it is rare that any part of a plant is so shaped as 
to be suitable for the attainment of but one end. 
Usually “two birds are hit with one stone/’ nay, often 
three or more. 

It is precisely this varying accumulation of functions 
in parts morpliologically identical, that determines the 
endless multiplicity of their forms. It is not of course 
meant that herein lies the explanation of how that 
multiplicity originated, and what was its primary start. 
This question, however, as also the furtlier one, why 
plants in general produce flowers and fruit, and do 
not remain limited to the vegetative mode of repro- 
duction, is outside our present inquiry. I purpose, in 
the following pages, to do no more than set forth 
the functional significance of a number of parts that 
present a very great multifariousness in their develop- 
ment. But while I thus limit myself, I must start 
^with the assumption that the sexual mode of repro- 
duction by periodic flowers and fruit is advantageous to 
every plant ; and I may further intimate that, in my 
opinion, the advantage thus derived lies in its affording 
a possibility for the origination of new individuals 
differing in their external characters from their parents. 

As, moreover, the advantages which accrue from 
bearing flowers and fruit manifestly cannot be obtained 
unless each several part fully performs its proper func- 
tion, it will not be inappropriate to bestow here some 
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words on the functions of the individual parts, and on 
the advantages presented by certain conformations of 
the perianth, the andrcecium, and the gyruecium. 

The main functions of the andrcecium and gyn^ccium 
are sufficiently well known. And how essential it is, 
that the generative cells in particular shall be per- 
mitted to develop themselves without external disturb- 
ance, scarcely needs mention. So also we may assume 
it to be admitted, that one of the offices of the perianth, 
at the time when the generative cells are being de- 
veloped, is to protect the parts in which this develop- 
ment occurs, that is to say, the andraicium and gyncecium, 
from external interference. At a later period it is also 
certainly one of the most important offices of the 
perianth to protect the coherent pollen, when discharged 
from the anthers, against premature wetting by rain or 
dew, against displacement by wind and by unbidden 
guests, as also against the destructive attacks of sundry 
animals. A still further and very fre(iuent function of, 
the perianth is to bring about autogamy,^ in those cases, 
that is, where the pollen from other flowers is not 
brought into contact with the stigma. And a fourth 

1 I understand by autogam y the fecundation of a flower by the 
pollen from the andrcecium of the same flower ; by geitonogamy, 
the fecundation of a flower by pollen from other flowers TuTlihe 
same plant ; by xenogamy , the fecundation of a flower by pollen 
from other })lants. Geitonogamy and xenogamy may be classed 
together under the name allogamy. Such terms as “ self-fer- 
tilisation ” are to be avoided on account of their excessive iudefi- 
niteness. 

C 
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not less important function is to attract by the secre- 
tion of nectar, by odours perceptible afar, and by 
colours contrasting vividly with the green of the leaves, 
such insects as may carry the pollen from one flower 
to another, and so bring about allogamy. Finally, the 
perianth has still another function, namely, to protect 
the nectar, which is not always secreted only at the 
base of the perianth, but often also in hollows of 
different parts of the androecium or gynaicium, or by 
peculiar epibl astern es, sometimes of one sometimes of 
another of the floral whorls, or of the bottom of the 
flower, and which must be secured not only against 
injurious weather influences, but specially against the 
plundering of such insects as would visit the flower 
without conferring any advantage. Again the divisions 
of the j)erianth, in a more or less changed form, often act 
as a protection to the young fruits, which develop under 
their shelter. Often too they conduce to the dispersal 
^ of the seed, as when they form dry and membranous 
coverings which offer a relatively large surface to the 
wind {Trifolmm 'badvwm), or when they adhere to 
roving animals either by viscidity (Plumbago, Linncea)} 
or by booklets (^Marrubium), or when they are converted 
into fleshy pericarps which serve as food for animals. 

1 [The fruit of Linrma borealis, as also the calyx of several 
species of Plumbago (P. mkrantha, and rosea) are covered with 
glandular hairs. On the whole subject of special appliances for 
dispersal of seeds, consult the monograph of F. Hildebrand, Die 
Verbreitungsmittel der P/lanzen. Leipzig, 1873. — Editor.] 
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These functions of the perianth are performed by it 
either quite alone, or, more frequently, in conjunction 
with special developments of the andrcecium and gyn- 
fecium. Many flowers thus become very complicated 
machines, in which it is of the greatest importance that 
each part shall work with perfect accuracy, that not a 
piece of the apparatus shall be too long or too short, 
shall get damaged or out of place, or become unfitted 
for its office by the injurious effects of weather, or by 
the attacks of animals. 

If a leaf be gnawed by an insect, and in consequence 
suffer some loss of substance, or if a leaf undergo change 
in its shape and size through gall-producing insects, 
the performance of its function is thereby hampered, 
but, as a rule, not completely stopped. Quite other- 
wise is it with those floral organs which form a link in 
the chain of fertilisation. Here the smallest and most 
inconspicuous change in the size and shape of a part may 
render the function of the whole apparatus impossible. 
In Sternbergia and Colchicum, for example, when the 
erect flower closes, as it does in the evening, the pollen 
is pressed against the inner surface of the perianth, to 
which it adheres, and by its intermediation is conveyed 
to the stigma, which stands up above the anthers. 
This is brought about in the following manner:— The 
perianth increases in length during the blossoming period 
by intercalary growth ; and this lengthening is just such 
as to cause those spots on its inner surface, which, on 
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the first day of flowering, had been smeared with pollen 
from the outwardly dehiscing anthers, to stand on the 
last day, at the final closing of the flower, on a level 
with the stigma. Again, take those species of Pedicu- 
laris, in which the upper petals form a beak-shaped 
tube. At the end of the blossoming period ^ the dusty 
pollen gets into this little tube, and then, in conse- 
quence of an angular movement of the corolla which 
happens at this time, rolls upwards through the tube 
to the stigma, which stands close over the mouth. 
This as before results in autogamy. But the whole 
mechanism can only be successful if the above-men- 
tioned angular movement be of a definite strength, 
which again is only possible if the corolla be uninjured 
and undisturbed during the flowering period. 

In the blossoms of many Caryophyllacese (which will 
be treated of more fully on a future page), the filaments 
of the stamens lengthen quite suddenly with the coming 
on of evening. The anthers are thus brought forward, 
above the tube of the corolla ; they open, and, owing to 
the position they have now assumed, expose their pollen 
in such a situation that insects, attracted to the flowers 
by the nectar, must necessarily wipe it off, and, flying 
elsewhere, carry it to another flower on the same plant. 
If, at the time when the pollen is exposed in these 

1 [In the earlier i)eriod of flowering, Pedicularis has flowers 
most ingeniously adapted for cross-fertilisation ; cf. Pop. Science 
1870, p. 46, where I have described it. — Editok.] 
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plants, that is, in the evening, the nectar should fail, 
then no insect would visit them, and the advantage of 
geitonogamy or xenogamy, brought about by their 
means, would be lost. The nectar, therefore, must be 
reserved for the evening, and special arrangements must 
be made by which other nectar-loving insects, which 
visit flowers at any time in the day, and which would 
steal the nectar without any advantage to the plant, 
may be kept off. 

These two examples will suffice to show that a 
definite function belongs even to the most inconspi- 
cuous modifications of the individual parts of flowers, 
and that the parts of flowers must be protected, far 
more even than the leaves, from injury and disturbance 
in the performance of their functions, if the advantages 
attached to flowering are to be attained. 



CHAPTEE III. 


DISADVANTAGEOUS INFLUENCES AND ATTACKS 
TO WHICH FLOWERS ARE EXPOSED DURING 
BLOSSOMING. 

On the presumption, that to produce flowers is an 
advantage to plants, there is an antecedent probability 
that each plant will do so, and will go through the 
successive stages of the process. But owing to the 
unceasing interaction which exists between plants and 
the outer world — inorganic nature on the one hand, 
and the animal kingdom on the other — this flowering 
process must necessarily be exposed to many possible 
interferences; in the one case to frost, drought, rain, 
,or similar injurious action of the elements; in the 
other to the attacks of herbivorous, and therefore flower- 
destroying, animals. 

As regards the latter, though the dangers from the 
larger grazing animals, Euminants, Solipedes, etc., etc., 
are the more conspicuous, yet those incurred from the 
attacks of smaller kinds, if less apparent, are by no 
means less real ; from snails, that is, and wood-lice and 
insects, and from these latter, both in their larval and 
in their final stages of development. 
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Of the Gasteropods, the voracious Helicidse are espe- 
cially dangerous and unwelcome visitors. They are, 
however, to be found, comparatively speaking, but rarely 
upon the flowers. This is not because the perianth- 
leaves are distasteful to them, but because they can be 
kept off more easily than other uninvited guests. A 
simple group of bristles or prickles on any part of the 
plant that has to be traversed by the snail in order to 
get at the flower is enough to prevent its further ad- 
vance. It avoids most carefully all contact between its 
soft, easily injured body and the points of a bristle or 
a prickle ; and, if it comes to a place so protected, it 
turns back at once, without any furtlier attempt to 
overcome the difiiculty. The same holds good for such 
insects as have soft bodies, and especially for numerous 
caterpillars, many of which would readily devour the 
perianth-leaves, or those which go to form the gyna?cium, 
if they were not debarred from access to the flower. 

I once also noticed that caterpillars sought out* 
the just-opened tubular flowers of the garden Penta- 
stemon gcntianoidcs, as a corner protected from wind 
and weather, tlierein made their webs, and underwent 
their transformation, whereby the reproductive pro- 
cesses were rendered impossible in the flowers in 
question. Probably in those places where the Penta- 
steinon grows wild, it is not exposed to siicli visitors. 
Nevertheless this observation is worth mentioning 
here, as it makes one suspect that the reason, wliy 
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so many plants with bell-shaped or drooping flowers 
are provided with certain defensive contrivances, is 
that they may be able to keep off caterpillars from 
seeking in them a snug corner for their webs and 
transformations, and thus interfering with the func- 
tions of the floral organs. 

Among the insects which have a soft outer skin, the 
wingless aphides require special notice. We usually 
find them in large numbers, and closely thronged, on 
the under side of the leaves, <and on the stalks of the 
flowers and inflorescences. In flowers themselves they 
are only rarely to be met with, because there are special 
contrivances to prevent their access. If one transfers 
them to the perianth, or to other parts of the flower, 
they immediately thrust their rostrum into the juicy 
tissue, which shows that the petals would be perfectly 
acceptable to them. If placed on villous or tomentose, 
or upon bristly and prickly, leaves, they behave most 
•awkwardly. They remain with their long legs hanging 
between the hairs, or injure themselves by their help- 
less movements on the sharp points of the trichomes 
and teeth of the leaves. Leaves, and groups of leaves, 
clothed with such defences, are therefore most carefully 
avoided by them, and this explains why the colonies of 
wingless aphides never advance farther up the stems 
and flower-stalks than the involucres and calyces, 
when these are clothed with woolly or matted hairs, 
or with bristles and prickles. 
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In contrast with these soft-bodied animals are those 
insects that have a hard investment of chitin. These 
move with perfect ease even over very thorny and 
prickly stems and leaves. Only the terminal joints of 
their antennas are sensitive to the touch of hard points, 
their bodies and legs not being easily wounded. But 
it is precisely among these chitinous insects that many 
species are to be found whose visits would interfere 
very prejudicially with the functions of some or other 
parts of the flower. For in most cases the bodily 
dimensions of such creatures are not adapted to the 
general conformation of the flower; that is, their dimen- 
.sions are so small that, in diving into the recesses of 
the flower for the nectar there secreted, they would 
touch neither the anthers nor the stigma. The result 
therefore of tlieir visits would be that not only would 
the allurement, that is, the nectar, be taken away from 
those insects which possess bodies of a suitable size, 
and thus the advantage be lost which attaches to tha 
visits of such invited guests, but that a further evil 
would ensue, inasmuch as these little unbidden guests 
would fill up the bottom of the flower, and so cause a 
mechanical hindrance, which would prevent the larger 
and welcome insects from pushing their trunks to the 
bottom of the nectaries. 

On the Muttenjoch, in the Gschnitz Valley, I once 
saw the small moth, Agrotis mprea S. V, which works 
not only by night but also most actively by day. 
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sucking nectar from the blossoms of the Gentiana 
havarica. It flitted from one blossom to another, but 
I was surprised to see that it passed over some of the 
numerous flowers, though growing close together, with- 
out attacking them. My first suspicion was tliat the 
nectar might have been lately carried off from these 
flowers by other insects, and that the reason why the 
moth did not insert its proboscis was, that it smelt ^ 
no nectar. But when I proceeded to open the flowers 
which had been thus passed over, I found that they 
were not void of nectar, but that the several canals in 
the lower part of the corolla-tube which serve as carriers 
for the secretion were crammed full with small beetles 
{Anthobium cxcamUm), I noticed a similar fact in 
the Gentiana germanica at Trins in the Gschnitz 
Valley. Those flowers of this plant which were left 
unvisited by the humble-bees {Bomhm mastrucatns and 
Fsithyrus mstalis) always contained numerous speci- 
mens of Meligcthcs cxilis in their nectaries ; and at a 
later period I had the opportunity of making similar 
observations on the flowers of Digitalis amhigna Murr. 
Cuphea platyccntra, Eremurus tauricus, Iris tuherosa, 
and Primula glutinosa Wulf.^ 

^ In Gentiana havarica L., the nectar is stored at the bottom of 
the flower, where it cannot possibly be seen by flying insects, as 
the corolla-tube is closed by the large circular stigma (Plate I. fig. 
37). The nectar must therefore in this, as in so many other cases, 
be smelt by the insects. 

2 It is very probable that the species of Forjicula also, which we 
frequently find working for days together in tubular flowers, so far 
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The insects that are armed with a hard covering of 
chitin are usually winged, and then — supposing of 
course that they are vegetable feeders — generally reach 
the flowers by flying. Some of them, however, are 
wingless, and these, like the snails, etc., can only reach 
the flower by crawling and clambering over the axis 
and leaves. These wingless insects are unwelcome to 
the flowers under all circumstances; and their visits 
are disadvantageous even if they possess such bodily 
dimensions, that in pushing to the bottom of the flower 
they would rub against the pollen and the stigma in 
due succession. For such wingless insects, even when 
they leave a flower laden with pollen, cannot reach the 
flower of a second stem of the same species till after a 
long journey and a proportionally long space of time. 
A winged insect flies through the air from flower to 
flower with great rapidity, and often within a few 
minutes transports the pollen rubl)ed off from one flower 
to the stigma of a second, third, and fourth pretty distant^ 
one ; whereas a wingless insect must first return from 
the flower to the ground, and then creep or climb over 
the axis and leaves of a second stem. Now, putting on 
one side the loss of time which this entails, consider to 
what dangers the pollen carried by the insect is exposed 
in this transit ! How easily it may be rubbed off on 

interfere with the floral functions, as that by their presence other 
insects, whose visits would be of use, are prevented from sucking 
the nectar. I possess, however, no definite observations on this 
point. 
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the way by leaves, steins, or hairs ; or wasted by wind 
and weather; and how improbable it also is, that a 
second flower to which the wingless insect, in spite of 
all the dangers by the way, still brings some of the 
pollen from tlie first flower, will be one exactly suitable 
for its reception. Plying insects in their search for 
nectar frequently confine themselves during their rapid 
visitation of successive flowers to the blossoms of one 
and the same species,^ whereas the wingless ones, after 
visiting and leaving a given flower, take no heed to 
reach another of the same species, but when back again 
on the ground are di verted by the least tiling, and make 
the best of anything iliat turns up of use in their further 
progress. Herein we have a very probable explanation 
of the fact that flowers of very small size, flowers, that 

^ For example, in a meadow at Trins, in the Gschnitz valley, I 
saw Bomhm montanus Gerst. visiting only the inconspicuous flowers 
of Anthyllis alpeslris Kit,, whilst the numerous and far more strik- 
ing nectar-bearing flowers of Pedicuktris Jacqithn Koch, and Pedi-- 
cularis incarnata Jacq. were passed over. Contrariwise, in another 
place, namely in a meadow in the Padail valley, I saw this same 
Bomhm montmiiis buzzing from one Pedicularh flower to another, 
whilst passing over the intermixed Anthyllis alpestris. Neither in 
the one case nor in the other were the flowers in question filled with 
beetles ; and the nectar of the despised blossoms would have been 
perfectly easily accessible to the humble-bee. It appears that the 
humble-bees always devote themselves at one time to the plunder 
of one species of plant. 

[It is curious that a similar observation as to the habits of bees 
should have been made by Aristotle. “ A bee,” he says (H. An, 
ix. 40), “ on any one expedition, does not pass from one kind of 
plant to another, but confines itself to a single species, for instance 
to violets, and does not change until it has first returned to the 
hive.” — Editor.] 
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is, in wliicli very tiny insects, in pressing forward to the 
nectariferous recesses, would necessarily come into due 
contact with the anthers and the stigma many 
Compositcc, Cruciferae, Caryophyllacea', Saxifragea3, 
Asperifolite, etc.), are yet provided with defensive appli- 
ances which keep off such insects as are wingless, and 
only allow access to such as fly. 

Of all the wingless insects it is the widely dispersed 
ants that are the most unwelcome guests to flowers. 
And yet are they the very ones which have the greatest 
longing for the nectar, as luunberless observations suf- 
ficiently show. Wherever there are apliidcs there one 
is sure to find ants seeking for the sweet fluid which 
these secrete. It is, moreover, well known that where- 
ever honey, sugar, saccharine fluids, dried fruits, etc., 
are placed without protection, there ants are to be found. 
As regards the nectar of flowers they are especially for- 
midable, inasmuch as they can smell ^ saccharine fluids 

• 

1 One of my colleagues at Innsbruck kept some dried pears on 
the ground-floor of a house directly contiguous to the garden, and 
to these the garden ants immediately found their way. As these 
uninvited guests could not be kept from the ground-floor, the pears 
were transferred to n room on the second story. But, notwith- 
standing this, the pears were beset by these same ants the very 
next day, and when investigation was made as to how the ants 
could possibly have got to the up-stairs room, it was found that 
they had made their way by a bell- wire which went from the garden 
into the second story and ran by the window of the room. The 
following communication from Gredler at Botzon is also not without 
interest. One of his colleagues had for moiitlis been in the habit of 
sprinkling pounded sugar on the sill of his window for a train of ants 
which passed in constant procession from the garden to the window. 
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even at a considerable distance, and moreover because 
they do not suspend their activity during the night, 
as I repeatedly noticed whilst making observations on 
the visitation of night-blowing flowers. But the reason 
why, notwithstanding this, wingless ants on the whole 
are found but rarely in flowers, is that there exists a 
large number of protective appliances by which the 
nectar is admirably protected against them. Should 
for once no such protective appliance be developed, or 
should it in any way be made useless or cease to act, 
should it in short in any way become possible for the 
ants to get at the nectar without harming themselves, 
then they forthwith appear in the flowers as guests. Of 

One day he took it into his head to put the pounded sugar into a 
vessel, which he fastened with a string to the transom of the window ; 
and, in order that his long-i)etted insects might have information of 
the supply suspended above, a number of the same set of ants were 
placed with the sugar in the vessel. These busy creatures forthwith 
seized on the particles of sugar, and soon discovering the only way 
open to them, viz., up the string, over the transom and down the 
window-frame, rejoined their fellows on the sill, whence they could 
resume the old route down the steep wall into the garden. Before 
long the route over the new track from the sill to the sugar, by the 
window-frame, transom, and string was completely established ; and 
so passed a day or two without anything new. Then one morning 
it was noticed that the ants were stopping at their old jdace, that 
is, the window-sill, and again getting sugar there. Not a single 
individual any longer traversed the path that led thence to the 
sugar above. This was not because the store above had been 
exhausted ; but because some dozen little fellows were working 
away vigorously and incessantly up aloft in the vessel, dragging 
the sugar crumbs to its edge, and throwing them down to their 
comrades below on the sill, a sMl which with their limited range of 
vision they could not possibly see I (Gredler, Der Zoologische Qarten, 
XV. 434 .) 
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this it is easy to convince oneself. Pluck, for. instance, 
some of the flowers of Melianthus, or of any other plant 
in which, as in this, the nectariferous flowers, while 
growing in their natural position in the inflorescence, 
are admirably protected against the visits of ants, and 
having plucked them lay them on the ground. They 
are now unprotected, and in the shortest possible time 
they will be found swarming with ants. Another 
example is furnished by Phygelius capensis. Here the 
flowers are rich in nectar, all access to which is rendered 
impossible to ants during the period of flowering, by 
a method which I shall have to describe later on in 
detail. So soou, however, as the corolla detaches itself 
from the torus, the nectar, of which there is still an 
abundant store, becomes readily accessible, and ants 
(in the Botanical Gardens at Iimsbriick abundance of 
Lasius niger) immediately crowd in and greedily lick 
it up. They can be allowed to do so at this period 
without ill result. For, now that the flowers are falling , 
off, their nectar is useless, and no longer wanted to 
attract such flying insects as cause intercrossing. 

In this respect the case of Antirrhinum majus 
L. is also very instructive. Here the corolla remains 
closed so long as the stigma is unfecundated. Strong 
humble-bees can indeed force an opening and so bring 
about intercrossing; but ants are quite unable to 
squeeze in between the two closely compressed lips. 
But, when once the stigma has been covered with 
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pollen, the tension of the corolla diminishes. The upper 
and lower lips separate from each other by a fissure, 
six mm. long on the sides and one mm. wide at the 
extremity ; and through this ants can now make their 
way and carry off the nectar, which has ceased to have 
any functional significance. I have convinced myself 
that, as a matter of fact, they do so. 

In bringing this chapter to an end, I may, in addition 
to the ants, make special mention of the physopodous 
thrips, which are found almost universally^ in flowers. 
These have been regarded by some writers as injurious, 
by otliers as welcome, visitors. In my opinion they may 
be either. Their visits are injurious if, after ran- 
sacking a flower and quitting it, their further progress 
does not bring them to a second flower of the same 
species, or only brings them to it after a long circuit ; 
in short, if they behave like other wingless insects. 
On the other hand, their visits are profitable, if, after 
rifling one flower, they pass over with its pollen to 
another similar one; behave, that is, exactly like flying 
insects, and, like them, bring about intercrossing. As 

^ I found them in the majority of flowers on the sea-coast and 
in the Puszten district in Hungary, no less than in the High Alps 
on the limits of eternal snow. They slip through the narrowest 
fissures, and are not kept back by hairs, even when growing very 
closely together, so long as these hairs are not sticky. Even close 
above the nectariferous base of the spur of Ceniranthm ruber L., 
which could only be reached through a channel scarcely 0'8 mm. 
in width and 12 mm. in length, the inner side of which is covered 
all over with little hairs (see Plate HI. figs. 97, 98], I still found 
thrips. 
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they usually act in the latter manner, the advantages 
they confer on plants far outbalance the disadvantages. 
Observations, moreover, that have been made render 
it very probable that in many cases, owing to certain 
arrangements presented by the plants, tliese insects 
can only pass from one flower, or one flower-head, to 
another, by a series of continuous jumps. It is witli 
the greatest difficulty, for instance, that they can get 
across places beset with glandular hairs, and they avoid 
these most carefully. If placed experimentally on 
such places, they try to get clear by jumping, but 
usually are unable to set themselves free, and remain 
sticking to the hairs, where they soon perisli. Thus the 
glandular hairs which are found so freciuently upon 
peduncles, involucres, and calyces, as also upon certain 
parts of the corolla, and which we shall have to deal 
with hereafter as protecting flowers from many crawling 
animals, probably have reference also to the visits of 
thrips. 

Completely analogous to this action of the thrips is 
that of other larger insects. For here again it is the 
path and the mode of progression by which tlie flower 
is reached that determines whether the visit shall confer 
a benefit or an injury. There are, that is to say, 
numerous insects, among such as visit flowers and live 
upon them, which, if they come by flight, are bene- 
ficial visitors ; but which, if they were not to use their 
wings, but to gain access by climbing up tlie stalk 
D 
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from below, would act injuriously. Nay, even insects 
whose sole method of access to a flower is by flight, 
may act sometimes advantageously and sometimes 
prejudicially, and, therefore, be sometimes welcome 
and sometimes unwelcome guests, according to the 
further course which they adopt within the flower 
itself. Of this, however, abundant evidence will be 
adduced later on. 



CHAPTER IV. 


MEANS OF PROTECTION AGAINST THOSE IN- 
JURIOUS INFLUENCES AND ATTACKS BY 
WHICH THE ADVANTAGES WHICH ACCRUE 
TO THE PLANT FROM BEARING FLOWERS 
MIGHT BE LOST. 

The disadvantageous influences and attacks to which 
flowers arc exposed, and which have hcen set forth in 
the preceding pages, are compensated by the develop- 
ment of a large number of protective appliances which 
obviate, as far as possible, the mischiefs threatened. 
Some of these guard the flowers from injuries wliich 
they otherwise might suffer from wind, rain, and dew ; 
while others ward off the attacks to which the blossoms 
are exposed from the animal world. 

As regards the latter, namely, the attacks of animals, 
it is, for the most part, in the flowers themselves that 
the protective appliances are to be found. In many 
cases, however, the axis and leaves arc also protected, 
inasmuch as the destruction of these parts would 
endanger the formation of flowers. For the materials 
out of which the flowers are built up are formed, in all 
plants that have an axis, by the agency of that axis 
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and of the leaves ; and thus it is self-evident that any 
very extensive injury of these parts would also inter- 
fere with the perfect development of the blossom. 
Stem, therefore, and leaf-formations must, for a certain 
period and to a certain degree, be secured from the 
destructive attacks of animals, if for no other reason, 
yet in order that tlie material recjuired for the forma- 
tion of dowers and fruit may be forthcoming. 

It will, therefore, I think, not be out of place to 
devote a few pages to the raetliods by which leaves and 
stems are protected. 

A . — Protective Appliances of the Leaves, in ivliicli are 
formed the Materials for the Flowers, 

In very many species of plants the foliage is pre- 
served from any extensive^ destruction by means of 
certain alkaloids and other chemical compounds con- 
tained in the cellular juice. The leaves of Datura and 
Solanum, of Aconitum, Helleborus, and Paconia, of 

^ !Miuor injuries which interfere but slightly with the function 
of the leaves cannot here l)e considered. The leaves of Atropa 
belladonna L., for instance, may be eaten through and through by 
Ilaltica atropoi All., and yet neither the development of the 
flowers nor the ripening of the fruit be in the least impeded. I do 
not mean to say that smaller animals than those referred to in the 
text may not do materia] damage to the foliage, or even destroy it 
completely. Their attacks, however, are not unprovided against, 
there being defensive appliances by which small creeping insects, 
snails, etc., are kept off from the leaves. Thus, to give a single 
example, the fimbriated cuffs constituting so many “ weels,” which 
are set round the petiole of Begonia mankata Vis., make it impos- 
sible for a snail to crawl up and get at the juicy blades. 
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Veratrum and Colcliicum, Conium, Cyclamen, Aristo- 
lochia, Asariim, Sambucus ebulus, Asperula odorata, of 
all Crassulaceffi, and of many other plants, are never 
touched by any ruminant. Some goats had one day 
unluckily got into tlie kitchen-garden of my summer 
residence. I noticed that they set to work vigorously 
at the cabbage, but passed over the leaves of the let- 
tuce. This led me to make the experiment of pre- 
senting leaves of Lactuca, Chelidonium, Papaver, and 
Euphorbia to different ruminants; when I soon found 
that they would rather go without food at all than 
submit to such a diet.^ So again the green leaves of 
the Aposcrw foetida, which are full of milky juice — a 
plant which in the open spaces of the North- Alpine 
woods often covers the ground in masses — are never 
touched by the cattle which are driven to the forest 
pastures. The fact that many plants {Ballota, Lamium, 
Geranium Rohertiamm, Linaria vulgaris^ Lepidium 

' This is the more remarkable, because lettuce leaves, as ia well 
known, are readily eaten by numerous caterpillars. That which is 
sought for by one animal is frefj[uently noxious to another ; nay it 
often happens that some chemical compound in a plant is a deadly 
poison to one animal, while to a second it is not only harmless but 
an object of eager search. The Ilaltica atropw All., for example 
mentioned in the preceding note, is not injured by the alkaloid 
contained in the leaf of the Deadly Nightshade, which to many 
animals is a violent poison. Thrushes also eat the berries of the 
Atropa without harm, whilst they are made ill by the Phytolacca 
berries, which many other birds feed on without injury. [Kabbits 
also eat the Deadly Nightshade with apparent impunity. I have 
myself fed a rabbit for a week on this plant exclusively. — See 
Medical Times and GazetiCy 1867. — Editob.] 
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Draba, Flantago major, Juncus hufonius, etc.), which 
grow along the paths traversed by grazing animals, are 
able to maintain themselves and to develop their 
flowers and fruit without hindrance, in spite of their 
being exposed to the onslaught of these ruminants, has 
again no otlicr explanation tlian the presence of certain 
chemical compounds in the cellular juice of their 
leaves which render them disagreeable to these animals. 

In many plants, again, the foliage is of thick and 
leathery consistence, and this also acts as a security 
against injury from ruminants. The wide tracts in the 
Alps which are seen covered with evergreen carpets and 
shrubby thickets of Azalea procumhens, Arctostaphylos 
urn ursi, D^yas oclopeiala, Globularia cordifolia, Glohu- 
laria nudicaulis, Dapthm striata, Empetrum, Yaccinium 
mtis idaea. Rhododendron, and other characteristic 
plants, are avoided by sheep, as also by chamois. It is 
exceptional to find the leaves of these plants even 
mangled by grazing animals, and we never find them 
completely destroyed. 

Even grasses and sedges, when their leaves are un- 
pleasantly rigid, are carefully avoided by ruminants. 
Carex firma Host., which grows in thick masses on the 
wide flanks of the Alps, is never browsed. Nardus 
stricta L. again, and Juncm trifidus, which here and 
there in the Alpine regions form the fundamental part 
of the limited flora, are touched but exceptionally. 

That the leaves of many plants are also protected 



Prtckly Leaves. 


31 


from attack by prickly appendages need scarcely be 
mentioned. In the district of Monte Baldo, as also in 
tlie mountainous regions lying to the east and stretch- 
ing out beyond the Etsch, a species of Festuca (Feshica 
alpestris Ebm. et Schult.), is to be found. very fre- 
quently growing in thick patches. This grass has 
stiff leaves which end in needle-shaped points, and 
when it grows in any abundance is burnt by the 
shepherds, because the grazing animals, in search- 
ing for other plants that grow with it, often get 
tlieir nostrils pricked, and come home bleeding from 
their pasture-grounds. When it is the fully-developed 
leaves that require this kind of protection from 
grazing animals, one finds the thorns and prickles 
developed on the outer surface of the bushes and 
shrubs. When, on the other hand, it is the buds, the 
young unfolding leaves, or the bark, which must be 
insured against attack, or when the purpose is to 
keep off animals that creep up from the ground, it is 
on the stems that prickles are found, or it is the leaves 
or the stipules which are transformed into such organs. 
Many trees that are provided with thorns while young 
cease to develop such appendages when once they 
have attained a certain height. For their upper 
boughs, being above the reach of browsing animals, 
require no further protection for their leaves. 

In many cases, it is true, it is only a portion of the 
foliage that is protected in the above-mentioned ways 
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from destruction by grazing animals ; just such a 
portion in fact as is necessary in order that the further 
developmentary processes, which in the total absence 
of leaves would he completely arrested, may be carried 
on. Thus much being safe, the remainder is left to 
the tender mercies of animals. The very existence of 
herbivorous animals would plainly be impossible, were 
all the leaves of all plants rendered inaccessible to them 
or uneatable. 

It does not, however, come within the scope of this 
treatise to deal with these relations between plants and 
animals in detail. In making the above remarks I 
merely wish to indicate that those structural arrange- 
ments by which foliage is preserved, or rather in part 
preserved, from animals, are not without significance 
as regards the flowers; inasmuch as these can only 
develop themselves out of material which has first been 
fabricated by the leaves. 


B. — Protective Appliances of the Flowers against 
Unhidden Guests. 

If it be of importance to a plant to have some of its 
leaves protected from animals, of still greater importance 
is it that this shall be the case with its flowers. It was 
therefore to be expected that the flowers, which are 
constructed out of leaves, should be even better protected 
than the leaves themselves. Plants, whose flowers 
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were not protected against the prejudicial attacks of 
animals, and yet attracted them by dainty and in- 
viting food, must sooner or later have been exter- 
minated, as they would have been overgrown and 
supplanted by others, the blossoms of which pos- 
sessed means of self- protection, and therefore stood 
at a decided advantage. 

Animals and plants however do not always stand in 
the relation of enemies and prey. On the contraiy, it 
is well known that many plants derive great advantage 
from the visits of animals, nay, even sometimes from 
their very attacks, since often it is only by such agencies 
that the stigma can be properly fecundated.^ 

Consequently many flowers have special arrange- 
ments to allure insects to visit them. These allure- 
ments, it is true, are meant only for certain insects ; for 
many kinds, owing to the conformation of tlieir bodies, 
would be of no use, but would rather be prejudicial, 
in the ways already mentioned. 

In relation to the vegetable world, or more correctly, 
in relation to each individual form of plant, animals may 
be divided into welcome invited guests, whose visits 
are of advantage, and into unwelcome uninvited, guests, 
whose visits are prejudicial, or at least of no advantage. 

These invited and uninvited guests are of endless 
variety ; and corresponding- to them, and of an almost 

^ The benefits conferred by animals on plants in regard to 
the dispersal of seeds must be passed over here with this cursory 
allusion. 
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inexhaustible multiplicity, are the allurements to visits 
and the means of protection against them. The diver- 
sity of the latter is so much the greater, inasmuch as the 
flowers of one kind of plant are not subject to the dis- 
advantageous attacks of only one kind of animal, but to 
the attacks of animals of the most various forms ; 
great and small ; winged or wingless ; flying or creep- 
ing; biting or sucking; with a soft slimy skin, or 
armed with a layer of chitin and regardless of points 
and prickles ; some greedy after one part of the flower, 
some after another. 

On this account it happens very often that one 
single method of protection is insufficient, and that a 
plant, in order to preserve its flowers, allow them to 
blossom without disturbance, and let each part perform 
its right function, must be provided with two, three, or 
even more means of protection against animals of such 
various form and size. 

( But in spite of this great complication, and in spite 
of the extraordinary variety of the arrangements which 
we are justified in considering as means of protec- 
tion against unbidden guests, we may perceive that 
certain types of defence, certain definite mechanisms 
and arrangements, are always repeating themselves, and 
that it is quite possible in a descriptive account to 
bring order into this chaos, and to arrange the different 
means of protection into general groups. From this 
point of view it is curious to remark that one and the 
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same defensive appliance occurs sometimes on one part 
of a plant, sometimes on another; is sometimes developed 
on the stem, sometimes on the leaves, sometimes on 
the ])ori{:inth ; and that often j)laTits, which having 
regard to other characters we should reckon as belong- 
ing to the most different families, are yet provided with 
identical means of protection. 

The defences against unwelcome guests may, accord- 
ing to my views, be divided into those which directly 
protect the flowers or some part of the same, and those 
which, though they do not directly prevent entrance 
into the flower, yet present an indirect hindrance. 
These indirect methods of defence are again of two 
kinds. In the one, at the time when the visit of the 
insect would be prejudicial, the organ which attracts it 
discontinues its function ; in the other, formations are 
developed on the path by which the insect must 
approach the flower, which themselves furnish a suffi- 
ciency of dainty food, and so detain the visitor an(i 
prevent its further advance. 

In the succeeding pages I shall follow the order 
thus indicated. 

1. Protection from certain Animals hy the Secretion in 
the Flowers of Distasteful Suhstanccs. 

Any one who has bred butterflies, and for this pur- 
pose has fed caterpillars, knows that many of these 
latter eat the leaves of that plant which is their special 
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food, whilst they would rather die of hunger than 
touch its blossoms. Herbivorous mammals also appear 
to have a distaste for flowers. Our cattle and sheep 
pass over the most beautiful blossoms, not only not 
attracted but apparently repelled by their sweet smell. 
I have many a time noticed cattle, whilst grazing in 
open glades, snuffle at the richly- scented blossom 
of Pyrola unijlora, Platanthcra bifolia, Gyninadenia 
odoratissima^ Convallaria majalis, and Viola odorata, 
but never have I seen them eat these flowers. So again 
in the autumn, when cattle arc driven to their pastures 
through meadows bright with countless blossoms of 
Colchicum, Parnassia, and Euphrasia, we can easily 
observe how, as they go, they snatch the sprouting 
leaves of grasses and of other plants from among the 
flowers, but never touch the flowers themselves.^ Again 
I have oftered cattle fresh petals of honeysuckle, 
mallows, lilies, dahlias, and pinks, and they have let 
them lie untouched. In the valley of Kon Ziegen I 
once noticed that the foliage of Cytisus alpiiius was 
eaten with the greatest eagerness, while the thick clus- 
ters of blossoms were left unmolested. Another time, 
in a place where chamois had lately been feeding, I 
found the leaves of Nujritella anyustifolia, Phyteuma 

1 [Mr, Darwin {Forms of Flovms, p. 6) quotes the following 
passage from his grandfather’s Loves of the Plants, written in 
1790: — “The flowers or petals of plants are perhaps in general 
more acrid than their leaves ; hence they are much seldomer eaten 
by insects.” — Editor.] 
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hemisphaerimm, Qaya simplex, 'Hcdysarum dbscurum, 
Trifolium alpinum, Ranunculus glacialis and Senecio 
doronicum, partly bitten off, but the flowers all left un- 
injured. ItoUnd the herdsmen’s huts one often sees 
great bush-like plants of Seriecio cordatus, the foliage of 
which has been largely attacked by cows, sheep, and 
goats, whilst the flower-stems have been left intact. 
So along the roads where the cattle have gone to pasture, 
one may notice how the leaves of yarrow, the large 
flowered campanula, scabious, mullein, and similar 
plants, have been eaten off, while the greater part of 
their blossoms have been left unhurt. Parasitical 
plants and saprophytes, which have no green leaves, 
such as Orobanche, Neottia, JMonotropa, Cuscuta, and 
Lathnea, are never touched by grazing animals. ^Many 
similar instances might be added. 

A curious fact may here be noticed. In cases 
where the flowers are so intermixed with the leaves, 
or so close to them, that destruction of the on^ 
involves destruction of the other, the leaves even are 
avoided by the animals. For example, the Alchcmilla 
vulgaris of our Alps, the little blossoms of which are 
imbedded among the large green leaves, is never 
touched, though growing in spots frequented by grazing 
animals.^ 

^ In many sporiferous plants also the organs of reproduction 
are surrounded by leaves, and are thus protected from grazing 
animals. Ferns and mosses, for instance, are never eaten by such 
animals. 
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The singular composition of the flora which pre- 
vails on pasturages near to summer farms, mountain 
herdsmen’s huts, and in all places which at recurring 
intervals are visited for long periods by ruminants, is 
explained in a measure by this aversion of animals to 
certain chemical combinations in the blossoms^ Natu- 
rally those plants which arc avoided develop in greater 
plenty and spread more than those which are dis- 
turbed in their growth, and whose flowers and leaves 
are more or less injured by grazing animals. The 
former, therefore, are the ones which strike the eye and 
give a special character to the vegetation. Just as in the 
neighbourhood of farms in the Puszten district in Hun- 
gary, we find XantMum simumm, Eryngium camgmtrc^ 
and thistles coming up again and again, together with 
Datura Stramonium, ITyoscyamus, Marrubium jjcre- 
yrinum, etc., so in the neighbourhood of the herdsmen’s 
huts in the Alps we find species of Aconitum, Rumex 
^l2nnus, Clicnoiyodium Bonus • II cnricus, Alchmiilla 
vulgaris, growing together with Cirsium spinosissi- 
mum in a confused mass ; and many of the much 
grazed mountain pastures in the central Alps are 
covered almost exclusively with the luxuriantly green 
fan-like tufts of the parsley-fern, together with 
Nardus stricta, species of Euphrasia, Rhododendron 

1 The result, however, is also partly determined by the inti- 
midating action of other protective appliances, which will be de- 
scribed in future sections, and also by the form of the fruits and 
their mode of dispersal. 
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fermgineim, and species of Polytrichum — plants, one 
and all, of which the leaves and blossoms alike are 
unpalatable to grazing animals. 

The substances which make the flowers nauseous 
to many animals, and by which ruminants in par- 
ticular are kept from them, are sometimes alkaloids, 
sometimes resins, but chiefly ethereal oils. But just 
as those green leaves which contain any of these sub- 
stances afford welcome food to one animal and un- 
welcome food to another, so also arc the floral organs, 
when their juices are of this character, repulsive only 
to certain animals. To others they arc not so ; nay, 
it is unquestionable that ethereal oils exhaled by a 
blossom, and perceptible from afar, though offensive to 
ruminants, serve as an attraction to other animals, 
especially to insects, and allure them to the blossoms 
from a distance. 

It is worthy of remark that the chemical com- 
pounds which prevent many animals from touching^ 
fresh flowers are either volatilised, or undergo change, 
when the petals are dried. Many flowers, when dried, 
lose their special scent, or change it, and mixed in the 
hay are eaten by ruminants without hesitation. 


2. Access to the Flowers impeded hj Isolation in Water. 

Gardeners are well acquainted with a simple 
method of keeping off ants and woodlice from such 
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plants as are exposed to their attacks when grown 
in a garden, though protected against them in the 
natural wild condition. They place the pots, in which 
the plants to he protected are grown, on other pots 
turned upside down, and these latter are put in a basin 
filled with water, so as to stand about a finger’s breadth 
above the water-level. The plants are thus placed 
as it were upon an island, and by this isolation in the 
midst of water are well insured against molestation by 
creeping insects. 

Whether the gardeners in thus acting are only 
imitating arrangements which they have noticed as 
existing in nature may be doubtful. Tliis much, how- 
ever, is certain, that not a few flowers when growing 
wild are most perfectly protected against creeping 
insects l^y a similar method. We find very striking 
examples of this among the Bromeliaceae. In some 
of these (Billbergia, Tillandsia, iEchmea, Lamprococcus) 
the rigid leaves are set in rosettes, and are more or 
less concave on their upper surface. Now each leaf is 
in such close contact with the two above it by the 
margins of its concavity as to form a funnel-shaped 
receptacle ; and in these receptacles rain and dew not 
only collect, but are retained for a considerable period. 
In other species there is but one rosette, formed by the 
collective radical leaves. This forms a single large 
central basin, which will retain any water that gets 
into it. The peduncle of the inflorescence springs 



BronieliacecB — Dipsacus. 4 1 

from the centre of this basin, and is thus surrounded 
with water at its base. Tlius the flowers of these plants, 
which are as a rule gaudy-coloured, nectariferous, and 
dependent on the visits of flying insects, are set as it 
were upon an isolating stool ; and wingless creeping 
insects, if they would get at them, must either cross 
over the water of one of the numerous small funnels, 
or over the large central basin of the radical rosette ; a 
task which they naturally will not undertake. How 
considerable is the quantity of water retained in these 
funnels may be inferred from the fact that I found tlie 
volume of rain-water collected in the central basin 
of a small Bromeliaceous plant, namely the Vricski 
jpsittacina Morren, at the period of blossoming, to be 
110 c. cm., and that in the basin of Billhcr(jutpyramidalis 
to be 200 c. cm.^ Di^ysacus laciniatiis L. aflbrds another 
similar and very striking example. In this plant each 
pair of opposite leaves are connate at the base, so as to 
form a funnel-shaped basin which surrounds the stem. , 
Atmospheric deposits fill these basins, and it is aston- 
ishing how long a time water is retained in them. 
When no rain had fallen for three whole days I found 
the larger basins, in a specimen of this Dipsacus, still 
full of water, the average depth of which was 8 cm., 
the amount held in one being 180 c. cm. As this 

1 The raiu-water contained in the tubular receptacles of the leaf- 
rosette of ^chmea ccBrulea C. Koch amounted to 215 c. cm., that in 
a rosette of Lamprococcus Weilbachii Beer to 230 c. cm. 

E 
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specimen possessed eight of the larger basins, one above 
the other, on the main stem, and besides these a still 
greater number of smaller and shallower basins on the 
secondary stems, the quantity of water retained in a 
single plant may be reckoned at a litre and a half. On 
the fourth and fifth day there was no perceptible 
diminution to be noticed in the basins, although still 
no rain had fallen. This maintenance of level can only 
be explained by supposing tliat the small quantity of 
water, which daily evaporated from the comparatively 
deep basins, was replaced by the dew of the following 
morning ; this dew being deposited on the broad sur- 
faces of the leaves, and, owing to the slanting position 
of these, much of it trickling down into the contiguous 
basins. To this plant again, with its abundant nectar 
no other insects are welcome than such as fly, and 
minister to allogamy. Those that creep and would 
carry off the nectar without profit to the plant, nay 
^ eveii to its disadvantage, are unwelcome, and are kept 
aloof by the internodes of the stem, over which they 
must crawl in order to reach the flowers, standing out 
from the water in the basins like posts out of a pond.^ 

^ [Mr. Francis Darwin {Quart, Journ. of Bficrosc. Sc. xvii. 269), 
has shown reasons for suspecting that the ‘ ‘ cups ” of the teasel 
serve another purpose beside the protective one ascribed to them 
by Kemer. He believes that they serve as traps, in which insects 
are caught, and in which they are dissolved by the contained fluid, 
so as to serve as food to the plants. He points out the curious fact 
that in the last century Erasmus Darwin should have remarked 
on the protective function of the ‘ bason ’ formed by the connate 
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I have also noticed collections of water above the 
connate bases of the opposite leaves in the large gentians 
of the Alps, especially in QfMiana lutea, pannonica, 
and punctata. The quantity of water in the sheaths 
formed by the leaves is in this case only small ; still 
it is quite sufficient to debar wingless insects from 
access to the flowers. If ants are placed on the 
stem of such a gentian, they run up and down it ; 
and each time that they come to one of the little 
pools of water in the sheath-like basilar expansion 
of the pair of leaves which encircle the internode, 
they turn back ; until at last, after vain journeyings 
■ up and down, they let themselves fall to the ground. 
Inasmuch as the receptacles formed by the leaf-bases 
of these gentians are very shallow, and the quantity 
of water which they contain but small, the effect of 
evaporation is much greater tlian in the earlier-men- 
tioned cases. These gentians, however, grow in places 
where at the period of blossoming there is a very* 
abundant dew on rainless days, and the leaves project 
horizontally, with their concavities turned upwards, 
just like so many buckets set out on purpose to catch 
it. Thus the water required to fill the basal leaf- 
receptacles is never wanting ; and on no single occasion 
when I examined such a gentian did I fail to find 

leaves of the teasel. He even alludes to nectar, as one of the 
treasures to be guarded in this kind of way, although he was not 
of course aware of the true relations existing between flowers and 
insects. — (See Loves of the Plantar note 6.)” — Editor.1 



44 Flowers and their Unbidden Guests. 

water encircling the stem at tha base of each inter- 
node. 

We must here notice that wingless insects scarcely 
begin to be really active till most of the dew has 
evaporated. In vain should we seek for ants on a 
grass-plot while still dripping with dew. Such flowers 
as are only open in the morning ^ are thus at once 
insured against the visits of creeping insects, and need 
no further means of protection. 

We have seen that when the stem of a plant is 
encircled by water collected at the basis of the leaves, 
its flowers are protected from unwelcome guests. How 
much more perfect then must the protection be when 
the plants actually grow in water ! Alisma, Butomus, 
Sagittaria, Hottonia, Utricularia, Villarsia, Nupliar, 
Nympha3a, Hydrocharis, Stratiotes could not be better 
protected against creeping insects in search of nectar 
or pollen, than they are by having their pedicles and 
t^ieduncles floating in the water or rising out of it, so 
that their flowers stand either above or upon the surface 
of the water. It is worthy of remark that these 
water-plants are one and all without any other protective 
appliances, and that such are only developed should 
the isolating piece of water chance from any cause to 
disappear. From this point of view, the case of Foly- 
gonum amjyhibium L. is very instructive. The beau- 

1 For instance Lapsana communis and Crepis pulchra have their 
flowers open only from 5.30 a.m. to 9 or 9.30 a.m. 
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tiful rosy flowers of this plant are collected in small 
cymes, and these form a thick cylindrical rich spike- 
shaped inflorescence, 2'5 to 3‘5 cm. in length, and 1 
to 1-2 cm. in width. The segments of the perianth 
are free almost to the base. The ovary is surrounded 
by a red, fleshy, five-lobed, nectar-bearing cup ; and the 
bottom of the flower also is richly iilled with nectar. 
The stamens, which are adherent to the base of the 
perianth, are very short, and the anthers remain hidden 
in the interior of the flower. The two styles on the 
contrary are very long, and project beyond the divisions 
of the perianth. When the flower is in full blossom, 
the length of the perianth is 4 mm., and its width, 
at the upper end, scarcely 3 mm. As the nectar 
at the bottom of the flower is not protected by any 
special formation in the perianth, it appears to be very 
accessible to small insects, and is in fact much sought 
by them ; but owing to the above-mentioned dimen- 
sions of the flower, even very small insects, so long ^ 
they come by flight, cannot help touching, on their 
way to the nectar, first the stigmas, which project 
beyond the perianth and are somewhat divergent, and 
then the anthers, which are in close proximity to the 
nectar. And as the blossoms are proterandrous, even 
very small flying insects, since they visit many flowers 
and spikes of flowers in succession, will occasion inter- 
crossing, which will sometimes be geitonogamous, 
sometimes xenogamous. Small wingless insects, on the 
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contrary, that would reach the flower by creeping up 
from below, would not give themselves the trouble of 
climbing over the upper margin of the perianth, and so 
making their entrance by the projecting stigmas, but 
would get at the nectar by the much shorter and, 
seeing that their approach was from below, much 
more convenient way, namely, through the intervals 
between the deeply- divided segments of the perianth. 
They would, therefore, never touch the stigma at all, 
and thus the nectar would be sacrificed without the 
advantage of allogamy being attained. And as 
autogamy is an impossibility in this plant, owing to its 
being dichogamous, and owing to the above-described 
relative positions of its anthers and stigmas, the visits 
of these small creeping insects would put a complete 
stop to the formation of fruit. But such creeping 
insects are prevented from all possible access to the 
flowers, inasmuch as the Folygomini amphibium grows 
ki water, which encircles the stalks of its inflores- 
cence. But what if the water were to run off* and 
the plant be left on dry ground? Now it is very 
remarkable that when this happens special means of 
protection are developed, which did not exist while the 
plant was growing in the water. An innumerable quan- 
tity of horizontally projecting trichomes ^ or glandular 

1 [As the term “ trichome ” is as yet hardly in common nse in 
English text-books it may be as well to explain that it is a general 
name given in the higher plants to all such outgrowths as originate 
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hairs, about 0'7 mm. in length, make their appear- 
ance on the epidermis of the leaves and stem. These 
are set as closely together as possible, especially on 
that part of the stem which bears the inflorescence, 
and their globular terminal cells secrete a viscid 
substance wbich causes tlie axis of the inflorescence 
to be quite sticky to the touch. Such small wingless 
creeping insects as might steal the nectar without 
bringing the advantage of a cross to the flowers, cannot 
get over this sticky axis. If they attempt to do so, 
they are held fast as on bird-lime. Entrance to the 
flower is therefore in these cases made impossible by 
the secretion of a viscid substance on the path "which 
leads to it. These sticky trichomes, as before remarked, 
are absent when the plant is growing completcdy in 
the water. If the ground on which a Polygonum has 
grown for years in dryness, so as to have become 
covered with these trichomes, again be flooded, and 
the stems and peduncles again therefore be encircled 
with water, the trichomes with their viscidity 
disappear, and the epidermis again becomes smooth 
and even. The water Avhich surrounds the inflor- 
escence is now a sufficient protection, and the viscous 
matter is therefore superfluous. 

I need hardly demonstrate in detail that it is 

from the epidermal cells, whatever their form or function ; root- 
hairs, woolly hairs, glandular hairs, prickles, paleee and sporangia 
of ferns, etc,, etc., are all included. — E ditor.] 
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not only plants which actually grow in water, and have 
their stems therefore completely surrounded by it, 
that are sufficiently protected against numerous creep- 
ing insects, and especially against ants, but that 
the same is true of plants whose stems are encircled 
merely at the very base with fluid or even with 
semi-fluid mud. But if such proof be wanting, it 
can be afforded by observations which I made some 
years ago in the botanical gardens at Innsbriick. I 
there cultivate many water and bog plants, not in a 
common large aquarium, but each one by itself, in 
a special small tub, filled with its right medium, and 
then sunk in the earth in its proper place in the 
systematic division of the garden, amongst the plants 
of the same order. Many bog plants flourish luxuri- 
antly in these tubs, and grow over the rim, so that some 
of their stems and leaves come to lie on the dry earth 
in which the tubs are sunk. Among others this 
liappened to Coiiianim palustre, and it was curious to 
see how the flowers of those shoots which had 
grown beyond the edge of the tub on to the dry 
ground were quite covered with ants, sucking the 
honey from the deep nectary; whilst the blossoms 
borne by the shoots in the middle of the tub, and 
surrounded by liquid mud, were not visited by a single 
ant. The little insects in their search for nectar 
could pass unhindered over the dry ground to the 
leaves and stems which lay upon it, and from these 
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could reacli the flowers of the shoots standing just 
over the edge, wliilst they carefully avoided pressing 
forward over the fluid mud in the tub in order to reach 
those shoots which stood up in the middle. 


3. Access to Flowers impeded hp Viscid Secretions. 

I have already mentioned that trichomes, of a 
special kind, which secrete a viscid substance, are 
developed on the epidermis of Folygomim amphi- 
hmm L, when this plant is not surrounded by water 
but grows on land from which the water has been 
dried up ; and that these glandular trichomes act as 
a protection to the flower from tlie visits of creeping 
insects. This form of protection is one that occurs in 
plants with special frequency, and is an excellent 
defence to their nectar, not only from creeping insects, 
but also from unwelcome flying oncs.^ 

It is always epidermal structures that furnish the^ 
viscid substance by which the path to the flower, or 
to certain parts of it, is made impassable for disadvan- 

^ The viscid siibstMices with which parts of plants are coated 
are not always intended to act as a protection to the flowers from 
unprofitable visits. The viscid coating of many young leaves, 
especially in plants whose flowers are ncctarless, and whose pollen 
is dusty (Populus, Alnus, Betula, Juglans), protects these leaves 
while still young from evaporation and desiccation, acting as a 
layer of varnish. In many cases also the sticky secretion protects 
the foliage from herhivora. That the viscid coverings also fre- 
quently facilitate the dispersal of the seed by means of animals 
has been already mentioned on an earlier page (p, 10). 
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tageous, and therefore unbidden, visitors. These 
structures are generally special epiblastemes of the 
epidermis, namely glandular trichomes, which have 
the function of colleters, inasmuch as their cells secrete 
a viscid substance which is discharged on the outer 
surface. This discharge either occurs spontaneously 
by diffusion, or, in many cases, is determined, in 
increased amount, by stimulation from contact with 
animals, frequently indeed by the rupture of the cell- 
walls occasioned by such contact. But it often 
happens that there are no special epiblastemes, and 
that the viscid secretion is discharged by the ordinary 
epidermal cells. The cuticle in such cases separates 
itself from the secreting cells, and the secretion is 
discharged into the spaces thus formed under the 
cuticle, which it forces up into a kind of vesicle. The 
viscid matter then flows out, either spontaneously or 
through the bursting of the vesicles in consequence of 
«3ome exterior pressure. 

The viscid matter is a colloidal substance, some- 
times resinous, sometimes mucilaginous, or frequently 
resembling the compound known as blastocol. It is 
always tenacious, and adheres very readily to other 
bodies. That milky juice also may become viscid, when 
discharged from the tissue and exposed to the air, I 
shall have an opportunity of showing in greater detail 
at the close of this chapter. 

The viscid substance is found most frequently on 
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the peduncles, or on those parts of the axis which are 
immediately beneath the flowers and over which creep- 
ing animals must necessarily pass in order to reach 
them. In Rdbinia viscosa Vent, the twigs that bear 
the inflorescences are furnished with five glabrous 
leaves, free from viscidity; but the twigs themselves, 
as also the lower part of the peduncles up to the first 
flower of the inflorescence, are closely beset with dark- 
brown wart-shaped colleters, and are coated over with 
an extremely viscid layer secreted by these colleters.^ 

In Epimedium alpinwn L. (Plate I. fig. 24) the 
lower parts of the stem, as also the leaves, are without 
glandular trichomcs, and the perianth also is smooth 
and free from viscidity. The peduncles alone are 
furnished with glandular hairs, which stand out 
horizontally, and prevent small animals from creep- 
ing up to the flowers, which are rich in nectar and 
adapted to flying insects. Drosophylhm, lusitanicum 

4 

1 In this plant, as scon as tlio blossoming is over, anti a disturb- 
ance of the flower by creeping insects is no longer a matter that needs 
to be guarded against, the colloidal layer dries up and ceases to be 
sticky. In other cases, on the contrary, the viscidity of the secretion 
continues even after the blossoming period ; thus in Linumi borealis 
L. (Plate I. figs. 12, IH), which will be mentioned again on a later 
page, as also in Plumbago euroima L. (Plate 1. fig. 32), and in other 
species of Plumbago and several species of Salvia, the same colleters, 
which at the period of flowering keep off creeping animals, contri- 
bute at a later period to the dispersal of the seed by means of 
animals. On many fruits, also, as for example on those of Adeno- 
carpus, colleters are to be found which are not developed till the 
flowering is over, and which only discharge the viscid substance, 
by means of which they stick to animals, when the fruit is mature. 
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L., on the contrary, has not only its peduncles, but 
also its leaves, provided with glandular tricliomes that 
secrete an abundance of viscid matter. Similar to one 
or other of the types of which the above are examples 
are — AquiUgia, Dictamnus, Allionia, Ledum, Cistus 
qjoqndifoliufi and Cistus ladanifcrus L., Lister a ovata, 
Aconitum paniculatum and imlquiria, Geranium siha- 
ticum, Linum viscosum L., Euqdirasia viscosa L,, Puli- 
caria viscosa (L.), and numerous Saxifrages, Labiates, 
and Scrophularijiceoe. But more remarkable than all are 
those Caryopliyllaceous plants, in which the peduncles 
are transformed into actual lime-twigs. The species 
which might here be enumerated are to be counted by 
hundreds, and I will therefore simply remind the reader 
that not a few of the Caryophyllacem bear names which 
at once indicate the viscidity of their peduncles and 
stems, and point to the fact that small insects stick to 
them. Such are Silenc 7nmcipula L., Silene viscosa Pers. 
Silene viscosissima Ten., Lychnis viscaria L., DiantJms 
viscidus B. Ch., Alsinc viscosa Schreb., Holostcum gluti- 
nosum P. et M., etc. etc. 

If, experimentally, small insects are placed upon 
the viscid axis, it will be seen that, however slight the 
contact may be, the tenacious substance immediately 
adheres to them, and is drawn out into threads by their 
movements, especially by the raising up of their legs. 
The insects try to rid themselves of the sticky stuff by 
aid of the mouth.' In so doing however they get their 
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heads and the hinder parts of their bodies involved, 
and in a short time they are done for. Some ants 
{Formica cinerca Mayr) which I found on the viscid 
peduncles of Silene muscipida L. and ^ilene inapcrta 
L, in a very short time were smeared all over with the 
sticky substance, and after ten to twenty minutes ceased 
to move. Wingless ants, however, tliat always feel 
their way most carefully with their aiiteniuu, will not 
readily venture of their own inclination on these lime- 
twigs, and, when they come to a sticky place, as a rule 
turn round and try if possible to go back. Still not un- 
frequently they undertake the risk, and stop on to the 
sticky places, when they inlallibly are lost. 

The number of insects which meet their deaths from 
these traps is usually very considerable. Thus I counted 
sixty-four small insects sticking to a single inflorescence 
of Lychnis viscaria, and even the number of difrerent 
species which I have noticed on some plants of this 
kind is much larger than one could have believed. For 
instance, in the immediate neighbourhood of Trins, in 
the Gschnitz valley (Tirol) I collected over sixty species 
from the viscid flower-stems of SiUnc nutans alone.^ 

1 They were as follows : — Ants : Formica fusca, F. rw/a, Lasius 
umbralus, L. alienus Forst., Myrmica Imnnodls Nyl., M. ruginodis 
Nyl., M, lohicornis Nyl., M. scabrinodis Nyl., Leptothorax acervorum 
(very many specimens !), L. muscorum; small Hymenopterse of the 
genera : Basaus, CampopleXy Bracotiy Chelomus, Microgaster, Fury- 
tema, Pteromalus, Ceraphrotf,, Oroctotrupes, Sadlo, Leptaris, Plati- 
gaster, Goiiatocerus, Diapriay Leptorhaptus ; Beetles : Oxitelua 
deprmua Gr.^ Trichopterix faacicularia Hbt., Atomaria puailla 
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Many of these insects had certainly not visited the 
flowers intentionally, and may have been brought by 
mere accident into adherence with the sticky peduncles, 
having been carried there by currents of air, just as 
happens with the fruits of Compositse, or with grains of 
sand, whicli are so commonly to be seen adhering among 
the insects. A considerable number, however, of the 
animals had doubtless come in search of nectar, but were 
such as would have been very unprofitable and unwel- 
come visitors to nutans, inasmuch as they would have 
stolen the nectar without bringing foreign pollen to the 
stigma, and therefore without producing iutercrossingd 

The viscid substances are found on the leaves no 
less frequently than on the stems, and especially on 
those parts of them over which creeping insects must 

Pag., Corikaria elongata Gyll., Apioii Jlavipen Fab., 7'h.yamis lurkla 
Sc.; bugs: Globlceps selectus ; several Aphides ; one Cicada : Delto- 
ccplialns distinguendiis, and of Diptera: Mdanostoma mtlUna L., 
Mdithreptus menihnstri L., G ymnopternus germanus W., Plpk.nulus 
pratorum FI., P. S'dvaticiis, Mg., ll'dara lurida Fll., Ccanosia mollkida 
Fll., G. sexnotata Mg., Mor'mla melanoptera Fell,, M. lutna Mg., 
Anthomyia jloi'al'is Y\\. Chlorops rujina Zett., Ch. hypostigma Mg., 
Ch. nasuta Sebrank., Einpis hyallpeMm, Cyrtoma Hparla Fll., Phyto- 
myza afui'is Fll,, other Diptera again from the genera Goinosia, 
Platypalpiis, Geratopogon, Chtronomus, several species of Sdara. I 
have to thank my kind friends von Dalla Torre, Heller, G. Mayr, 
Palm and Rogenhofer for the determination of the animals men- 
tioned above, as also of the others mentioned in this treatise. Many 
of the insects which were found sticking to the peduncles of Silene 
nutans were so injured that it was impossible to do more than de- 
termine the genus. 

1 With regard to Silene nutans see p. 130, § 7, “ On the tempo- 
rary suspension of the functions of individual parts of the flower.” 



Piugtiicula. 


55 


pass to gain access to the flower. Thus we find these 
substances on the radical leaves, on the stipules, on the 
bracts, on the periantli leaves, on the andrtecium, and, 
exceptionally, even on tlie gyinncium. 

The genus Pinguicula is wortliy of prominent notice 
here, for it is, with certain rriniulaceie {Primula 
glutinosa Wulf., Primula rilJosa Jat^p, Primula hlrsuta 
AIL, Primula viscosa, P. tirolirnsU Seliott), one of tlie 
most instructive examples of tliose eases in w'hich creep- 
ing insects are prevented from gaining access to the 
flower by viscid radical leaves, spread out in a rosette on 
the ground. Tlie structure of these flowers reminds one 
very much of tlie Bromeliaccio, already described, 
{Vrieda psiftneina, etc,), where th(‘- rosette of leaves 
forms a basin out of the middle of which rises a slender 
flower stem. But wheinas in these latter })lants the 
basin is filled with rain and dew, in Piuguiiuda alpina 
L., P. leptoceras Ilchli., P. grandijlora Lam., P. vul- 
garis L, etc,, the upper surface of the leaves which 
form the radical rosette is coated over with a tenacious 
viscid slime. This sticky matter is secreted by small 
glandular trichomes that are so thickly crowded together 
on the upper surface of the leaves that (in P. alpina 
L.) I could count nearly a hundred of them on a square 
mm. (Plate I. Fig. 3, section of a leaf). These glan- 
dular trichomes are of two kinds. Either they are 
wart-shaped epiblasteines of the epidermis which are 
divided into from eight to twelve chambers or cells 
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by repeated partitions in a radial and tangential 
direction, or they closely resemble in shape a small 
mnshroom; a one-celled cylindrical stalk, somewhat 
contracted above, supporting a lenticular disc which 
is composed of from sixteen to eighteen wedge- 
shaped secreting cells, grouped together radially round 
the upper end of the stem. (Plate I. fig. 4.) The 
secretion which is discharged by tliese trichomes is 
colourless, slimy, and very tenacious. No small animal 
that comes in contact with it, and once adheres, 
can ever again get free. The largest insect which 
I found sticking to this viscid layer and dead was 
Myrmica layvinodis Nyl., an ant 4 mm. in length. 
Should larger and stronger insects get on to the 
leaf-rosette, they can manage to free themselves from 
the viscid substance. AVhen tliey have accomplished 
this they always try to reach the outer edge of the 
rosette, so as again to get firm land under their feet, 
and they avoid climbing up the flower-stalk which 
rises nearly from the centre of the rosette. Darwin’s 
statement that the glandular trichomes on the upper 
side of the leaves are stimulated to increased secretion 
by contact with these insects, firmly stuck, or, I might 
almost say, imbedded in the slime, and that the insects 
themselves are actually digested,^ I can simply confirm 


^ I must not neglect to record the observation that Diatomace® 
are not digested by the leaves of PiiKjuicula alp'ma and vulgaris. 
indeed that generally they are not killed. I have repeatedly found 
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by my own observations. Neither can there be a doubt 
that the dissolved nitrogenous constituents of these 
insects are absorbfKl by the plants and utilised as nutvi- 
mont ; but no loss certain is it thal. ilie ringuiculic (at 
any rate the four species mentioned abovt;, whicli 1 luive 
investigated) flourish perfectly well witliout animal food, 
and therefore are not dependent upon it. The piiiuary 
function of the glandular tvichoiues on the leaves of 
ringuicula, and numerous other plants, is certainly, 
therefore, to keep off those creeping insects whose 
bodily dimensions are so small that their visits would 
not bring about allogamy ; but this, of course, does 
not exclude the possibility of such insects as get 
caught and remain adherent being digested, and serving 
as welcome, if not very luxurious, ibod. 

There are plants in which the glandular trichomes 
that secrete the viscid matter are set on the higher 
not on the radical leaves, and are there very abun- 
dant, If these leaves are so shaped and so placed 

Diatoms in the mucus secreted by the glandular trichomes on the 
up2)er side of the leaf, and they appeared quite at home in this 
medium, lived there for weeks, and apparently, indeed, multiplied. 
For instance, at lunsbriick, I scarcely ever failed to find tlie 
elegant Ejjithemia Ar<jus on Plwjuicnla alpina. This observation 
appears to me to throw a ray of light on the significance of the 
flinty shells of the Diatomacea?. It is at any rate a very probable 
supposition that the Diatomaccre are protected by these flinty 
shells against exterior influences which woiUd occasion a dis- 
advantageous chemical change in their protoplasm, as, for example, 
against the operation of the secretion of the Pinguicula-leavcs ; and 
it appears to me very probable that this secretion may even serve 
as food for many Diatomace®. 

F 
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that their base must be crossed by any insects that 
creep up from below, as, for example is the case in 
Saponaria porrigens, Sap. glutinosa, Angelonia grandi- 
flora^ Silene noctiflora, Senecio mscosus, etc., then the 
glandular hairs contribute most certainly to the 
exclusion of these insects ; and, as a very instructive 
instance, showing that it is of advantage, even to plants 
with very small flowers, to be insured against the 
visits of creeping insects by trichomes on their sessile 
leaves, I will here describe more particularly the last in 
the above list, namely, Senecio viscosus. In this plant 
the distance between the mouth of the small corolla- 
tube, which is full of nectar, and the point of the pro- 
jecting style (which at the first stage of the flowering 
carries the pollen, and at a later period exposes the 
stigmatic surfaces), is not more than half a millimetre ; 
and flying insects, that make their approach either from 
above or from the side, must unavoidably come in con- 
^tact with the stigma and with the poUen in due succes- 
sion, even though their organs of suction and the 
anterior part of their bodies be scarcely half a milli- 
metre across. 

Creeping insects, on the contrary, though of precisely 
similar dimensions in these parts, could, inasmuch as 
they make their approach from below, get at the nectar 
without touching the stigma at all, as this stands out 
above the corolla-tube, and so without bringing about 
allogamy. Their visits, therefore, are always unprofit- 
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able; and they are consequently kept off by the viscid 
matter which the glandular trichomes on the sessile 
leaves and on the leaf-stalks secrete in abundance. 

The stipules confer this kind of protection even more 
frequently than the leaves themselves, and for this 
office they are admirably suited by their situation at 
the base of the leaf- stalk and around the stem. A 
large number of plants are, as is well known, furnished 
with highly developed glandular trichomes upon their 
stipules ; and these stipules with tlieir viscid secretions 
are placed directly across the path of upward-crawling 
animals, in such a position as to render it quite 
impossible to get round them. 

Yet more frequently it is the involucres and bracts 
of the inflorescence that are provided witli colleters.^ 
For instance, the foliar organs that stand at the bottom 
of the flower-bearing shoot of Acer iilatanoidcs L. 
have their under surface, that is, the side which 
is presented to any up-crawling animal, completely 
covered with a layer of viscid matter ; and the same is 
true of the small leaves that invest the catkin-bear- 
ing shoots of Salix 'pmtandra L. But the bracts 
which are most frequently converted, in virtue of 
their colleters, into a protective viscid screen are those 
which form the involucrum of Compositoe, over which 

1 [Colleter is the name given by Hanstein to the glandular hairs 
which coat the leaf-buds of many plants with a gummy secretion or 
with blastocol, i.c. gum-mucilage and resin. — E ditob.] 
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any creeping animal must necessarily pass before it can 
reach the flowers. The variety presented by these 
is very great. Sometimes it is the epidermis of the 
bracts which itself directly secretes the viscid matter ; 
the epidermis, therefore, acting just as it does on the 
flowering axis of Gktxis ladaniferus, Ledum palustre, 
Lychnis viscaria ; sometimes, on the other hand, the 
secretion is -discharged from trichomes, the so-called 
glandular hairs, which grow in countless number and 
endless variety from the epiderm of the bracts, and 
give the involucre its villous aspect and its stickiness. 
From the vast number of forms which come under this 
heading, I select a single one as an example ; and of 
this I have given a drawing at Plate I. fig. 9. This 
represents on an enlarged scale a small portion of 
the capitulum of Crepis pahidosa L., with three of the 
marginal ligulate flowers, each with its anther-tube 
and with its style protruding beyond this tube. The 
style is divided into two branches, which have bent 
themselves back in an arch, so as to expose the 
stigmatic surfaces as freely as possible to any flying 
insects. Such insects, if they would suck the nectar 
which is to be found at the bottom of the corolla-tube, 
can scarcely help brushing against the stigmas, placed 
as these are ; and as the insects also visit flowers that 
are in an earlier stage, in order to get pollen, their 
visits will, as a rule, promote intercrossing. Crawling 
insects, on the other hand, would be able to get up 
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from below to the mouth of the corolla-tube, and to 
attain the nectar without ever coming into contact with 
the arms of the style, were it not for the protection 
afforded to the flowers by the black gland-tipped 
trichomes, with which the involucral scales are tluckly 
covered. 

Analogous in all essential points to these viscid 
bracts is the viscid calyx, such as is developed in 
Sediim dasyphyllum, Sldlaria ccrasioide.% in species of 
Spergula and Cerastium, in many species of Erodimn, 
Geranium, Hypericum, and Pruniis, in numerous Libi- 
atae, Scrophulariacese, and Saxifragece, in Saxifraga con- 
troversay Sternbg. (Plate 1. fig. 1 1), Linncca horcalvi, L. 
(Plate I. figs. 12, 13), Ribes grossularia, L. (PI. 1. lig. 25), 
Plumbago europceay L. (Plate 1. fig. 32), Oirccca alpina, 
L. (Plate L fig. 10), and in numerous other flowers. 
In Circcca alpina^ L., we can again see, with very 
great clearness, that nectariferous flowers, even when 
of very minute dimensions, are not without protection 
of some kind or other from crawling insects. In the 
proterogynous flowers of tins plant, the distance which 
separates the anthers and stigma from the edge of the 
cup which contains the nectar is so small that, in get- 
ting to this latter, even animals no more than P5 mm. 
in circumference must necessarily come into contact 
with the pollen or the stigma, as the case may be. 
Now, amongst the numerous small wingless creatures 
that frequent the places where Qirccm alpina grows, 
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there are many of this small size. Though these in 
visiting the flowers would brush off the pollen, yet they 
are kept away by the glandular hairs that stick out hori- 
zontally from the lower and tubular part of the superior 
calyx, because the pollen thus brushed off would be 
completely wasted ; whereas small flying dipterous in- 
sects, inasmuch as they flit from flower to flower in 
rapid succession, will carry the pollen with them, and 
transfer it to the stigmas of other flowers. 

One of the most remarkable instances of a calyx so 
modified as to keep out unbidden guests, is presented 
by Cuphea micropetala, H. B. K. The petals are here 
reduced to minute lancet-shaped bodies, which are in- 
serted on the calyx- tube at the upper extremity of 
certain niche-like hollows, which occupy the inter- 
spaces between the contiguous sepals. (Plate I. fig. 26 
— a bit of the calyx-tube cut open, and showing two 
of the lanceolate petals.) The calyx is of tubular 
,form, coloured like a corolla, 22 to 28 mm. in length, 
and 6 to 7 mm. in breadth, has a saccular recess at its 
base above the ovary (Plate I. fig. 28, longitudinal 
section of flower), and secretes abundant nectar from 
the inner surface of this recess.^ The ovary is tolerably 
large, is placed obliquely, and, at the point where it is 

^ The knob-shaped body, which is to be seen in this nectar- 
cavity immediately above the base of the ovary (Plate I. fig. 28), 
and which at first sight might be taken for a nectary, does not 
secrete nectar, and is to be explained as an abortive carpel, through 
the arrest of whose growth the nectar-cavity has gained in space. 
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continuous with the style, presents a swelling, which is 
closely applied to the upper side of the calyx-tube. 
(Plate I. fig. 28, longitudinal section of flower ; fig. 29, 
transverse section, at right angles to the axis of flower at 
the base of the triangular style). As the ovary is on 
either side in close apposition to the calyx-tube, the 
nectar is, as it were, corked up inside the saccular dilata- 
tion of the calyx. But on either side of the ovary, 
to the right and left, as may be seen in fig. 29, is a 
furrow, which widens out anteriorly like a funnel, so as 
to form a passage, half a millimetre in width, leading 
into the cavity behind the ovary ; a cavity which is 
not only itself full of nectar, but also usually overflows 
into the passages. Flying insects that would get to 
the nectar, and whose visits, owing to the marked 
proterandry of the flowers, would promote intercross- 
ing, must insert their trunks through these passages. 
But it would naturally be far from agreeable to them 
to find the mouth of the passages swarming with antsyi 
licking up the nectar and blocking up the entrance 
and therefore it would be a disadvantage to the plant 
to have its nectar accessible to these wingless creeping 


1 If ants are attacked with a fine bristle, they do not as a rule 
take to flight, but stand on the defensive, seize hold of the bristle, 
and work at it with their jaws. They act in a similar way if im- 
prisoned in a small bottle. It is therefore very probable that ants, 
when disturbed in their enjoyment of the nectar in a flower by the 
intrusion of an insect’s proboscis, seize hold of the proboscis and 
bite it. 
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insects ; and yet the nectar of Cuphea micropetala 
must have some special attraction for ants ; for in no 
other plant have I ever found so many of them fall 
victims to the viscid secretion, which they elsewhere 
avoid with the greatest care, as in this.^ The corolla- 
tube, moreover, is so wide, being 4-5 mm. in diameter 
in its narrowest part, that most of the smaller kinds of 
ants could get along the sides of the ovary to the 
mouths of the nectar-passages with perfect ease. Such 
access, however, to the interior of the flowers is ren- 
dered impossible, not only to ants, but to all creeping 
insects, by the following very curious arrangement : — 
Hound the margin of the calyx, and above the stunted 
petals, certain knob-shaped epiblastemes stand out, 
each provided with six or seven somewhat diverging 
glandular trichomes, which secrete an abundance 
of viscid matter, and may be aptly compared with 
lime-twigs. (Plate I. fig. 26.) These lime-twigs crown 
'‘the margin of the calyx-tube, and collectively form a 

weel,” on which no ant that creeps up from the base 
of the calyx can step without being irretrievably lost. 
Such flying insects, on the other hand, as remain hover- 
ing in front of the flower while sucking the nectar, as 
also such smaller flying species as use the anthers, 
which project beyond the margin of the calyx (Plate I. 
fig. 27), for a landing-place, are in no wise hampered by 

1 1 once found three specimens of Lasius niger firmly glued to a 
single flower. 
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the lime-twigs, inasmuch as these stand out from the 
margin of the calyx in a somewhat oblique outward 
direction; but then these insects are in the highest 
degree welcome Visitors to tlie flowers of Cuphca 
microjyctala. 

Tn all the cases as yet mentioned it lias been creep- 
ing insects that are kept back from tlie llowcrs by tlio 
viscid secretions. There are, liowever, other s[)ecies 
where flying insects arc similarly shut out from the 
nectar, when their visits would confer no advantiige 
on the plant. Such for instance is Monotropa (jhibm 
Bernh., of which I give drawings (Tlaie T. fig. 30, longi- 
tudinal section of whole flower; fig. 31, longitudinal 
section of magnified style). The petals which form the 
cylindrical corolla of the above-mentioned Monotropa 
are saccate at their base, and the thick firm tissue of 
which these saccate portions are made secretes inter- 
nally an abundance of nectar.^ The remaining and 
pointed portion of the petals i.s, on the other hand^ 
made of soft tissue ; and tliese almost membranous ends 
of the petals are closely ajiplied to the end of the 

1 The crooked horn-like growths which project in pairs into 
these saccular dilatations, and have been held to be nectaries 
(Eichler, Bl. Diagr. 34G), do not secrete nectar. They form two 
whorls, the parts of which alternate with each other, as also with the 
members of the two whorls of stamens, and with the divisions of the 
single whorl that constitutes the corolla. They represent abortive 
stamens ; and the advantage that accrues to the flower from their 
abortion consists probably in their preventing the nectar from 
running out from the saccular dilatations, when the flower is in a 
drooping position. 
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style. This style is of considerable size, and shaped 
much like a clarionet. It is only the inner surface of 
its funnel-shaped extremity that is stigmatic ; the outer 
surface, on the other hand, is somewhat swollen, and 
covered with a layer of viscid matter secreted by the 
epiderm. The stronger kinds of flying insects, that have 
a proboscis not less than 1 2 mm. in length, are in no 
wise hampered by this viscid matter; for they can 
insert their proboscis without harm between the viscid 
ring and the closely applied petals, and so reach the 
nectar below. These large insects, however, in so doing 
and in flying from flower to flower, will carry pollen 
with them and transfer it to the mature stigmas. 
Creeping insects, on the contrary, as also the smaller 
fl,ying ones, whose visits would not conduce to this 
desirable result, are caught by the viscid ring in 
their attempt to purloin the nectar, are held fast, and 
perish.^ 

n Beforo bringing this chapter to an end, I must 
record a very noteworthy observation, which I chanced 
to make for the first time in the summer of last year. 
With the view of watching the behaviour of woodlice, 
insects, snails, etc., when on plants, I placed such 
animals in some cases half-way up the stem, in other 
eases on the viscid rings, in others on the prickly or 

1 I found a small winged beetle Epurea ailacea^ as well as a 
wingless ant, Leptothorax tnitscorum, sticking to the viscid ring of 
Monotropa glabra Bernh. 
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hairy leaves, and the like. Amongst other experiments, 
I placed various kinds of ants upon sundry plants that 
were full of milky juice, and especially upon Lactum 
augustana Chaix, and Lactum mtiva, L, Having done 
this I was not a little surprised to see the ants ^ very 
soon glued down hy the milky juice. Such, however, 
was the case. Ho sooner had the ants reached the 
uppermost leaves, or the peduncles and the iiivolucral 
bracts, than at each movement the terminal hooks 
of their feet cut through the epiderm, and from tlio 
little clefts thus made milky juice immediately began 
to flow. Hot only the feet of the ants but the hinder 
parts of their body were soon bedrabblcd witli the 
white fluid ; and if the ants, as was frecpiently the case, 
bit into the tissue of the ei)iderm in self-defence, tlndr 
organs of mastication also at once became coated 
over with the milky juice. By this the ants were much 
impeded in their movements, and in order to rid them- 
selves of the annoyance to which they were subjected,^ 
drew their feet through their mouths and tried also 
to clear the hinder part of their body from the juice 
with which it was smeared. The movements, however, 
which accompanied these efforts simply resulted in the 
production of new fissures in the epiderm and fresh 
discharges of milky juice, so that the position of the 
ants became each moment worse and worse. Many of 

^ The species used in these experiments were Camponotua lUjni- 
perdWy Myrmica kevinodis Nyl, and Formica ri^a. 
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them now tried to escape by getting, as best they might, 
to the edge of the leaf, and letting themselves fall 
from thence to the ground. Some succeeded, but 
others tried this method of escape too late ; for the 
air soon hardened the milky juice into a tough 
brown substance ; and after this all the strugglings of 
the ants to free themselves from the viscid matter 
were in vain. Their movements became gradually 
fewer and weaker, until finally they ceased altogether, 
and the dead animals were left adherhig to the in- 
volucre or the uppermost leaves. 

I do not hesitate to infer from tliis observation 
that the presence of milky juice in certain parts of 
plants is to be regarded as another of the appliances 
by whicli flowers are protected from the unwelcome 
visits of creeping animals ; and I find a further support 
for this view in the fact that the leaves and the inter- 
nodes in the various species of Lactuca and Asclepias 
contain a larger abundance of milky juice the nearer 
they are to the flowers. Creeping insects pan ascend 
without any difficulty over the lower leaves and lower 
parts of the stem of these plants ; for the passage of the 
little creatures over these parts causes no discharge of 
milky juice. It is only when they come nearer to the 
nectariferous flowers, intended, as these are, for flying 
insects, that their sharp booklets cut into the turgid 
epidermal cells, and that the milky juice is discharged 
in streams from the rents thus made. It is further 
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worth noticing that plants such as these have smooth 
leaves, and are without any other of those appliances for 
the protection of flowers from crawling animals, which 
have either been described in former pages or have 
yet to be described in succeeding ones. 

The epiderm of the stem is in some plants covered 
with a coating of wax ; and there can be no possible 
doubt but that this also can serve to hinder the ascent 
of crawling insects, and so to protect the flowers from 
unbidden guests. The catkins of ^(xlix daphnoides 
Vill., rich in nectar, and swarming with crowds of 
bees, are thus protected ; and their flowers, which, 
being dioecious, can only be fecundated by xenogamy 
(so that the visits of wingless ants would be highly 
unwelcome), are placed beyond the reach of any creep- 
ing animals, No sooner does one of these tread on 
the epiderm of the catkin-bearing shoots, coated as 
this is with wax, than down it slides, as though on 
slippery ice, and often pays for its attempt to get at 
the enticing nectar by tumbling to the ground from 
a height of several metres. 


4. Access to Flowers impeded hy Prickles. 

It is abundantly clear from the preceding remarks 
that the viscid substances secreted by the coUeters, if 
deposited on those parts of the plant which must be 
traversed in order to reach the flower, serve specially 



70 Flowers and their Unbidden Guests. 

to exclude such creeping insects as have a tolerably 
hard investment of chitin; and amongst these the 
wingless ants play the most important part. Creeping 
animals, whose skin is soft, are kept back by these 
viscid secretions with much less certainty. Snails and 
slugs especially show no great wish to avoid such sub- 
stances ; for they have learnt an easy method of 
passing over the sticky places when they come on 
them, without the least risk ; namely, by covering the 
stickiness with their own slimy secretions. On the 
other hand, like all animals with soft outsides, they 
are peculiarly sensitive to thorns, prickles, and sharp 
points (see p. 15); so that while ants pass without 
harm not only over prickly leaves but over most thistle- 
heads, these softer animals stop short when they come 
to such obstacles, and avoid all contact with them. It 
is impossible, therefore, for flowers to have a better 
protection against such animals than is given by 
prickles, sharp points, or hard bristles, set on the parts 
which must be traversed on the way to them. It 
matters not whether these structures be mere out- 
growths of the epiderm, or modifications of the stipules 
or of the stem-leaves ; provided only that they are so 
placed as to make the path, which crawling animals 
must follow in order to reach the flowers, a dangerous 
one, they have in the vast majority of instances the 
same significance, namely, that of defences to these 
flowers. The cases which come under this heading are 



Direction of Thorns and Prickles, 7 1 

so excessively numerous and so well known, that I 
may spare myself the trouble of giving a more de- 
tailed account of them. There are, however, two 
points which I must touch on, at least in a cursory 
manner. 

While spines (modified branches), as a rule, either 
stand out horizontally or have their points directed 
upwards, and thus evidently protect the leaves behind 
them from wholesale destruction by the larger browsing 
animals, the prickles and sharp bristles on the axis 
usually point downwards, so as to present a threatening 
front to all animals that might wish to crawl up the 
stem. Even leaf-prickles will be found to have in part 
a similar arrangement ; and an examination of thistle- 
heads will show at once that the prickles on the invo- 
lucrum, at least on its lower bracts (see, for instance, 
the capitulum of Carlma milgaris L., Plate I. fig. 20), 
point downwards. I have also noticed that not un- 
frequently these down-pointing needles are massed at 
certain spots. The most frequent spot is the upper 
end of the internode, where the leaves are given off, 
and where such an arrangement is the more feasible, 
because it is at tliis place that the prickles and bristles 
which shoot out from the epiderm of the stem inter- 
mingle with those which proceed from the leaf-bases. 
This may be noticed, for instance, in many Asperifolise, 
Labiatae, and Dipsaceee, and may be especially well 
seen in QaUopm grandiflora^ ^ubescem, Tetrahit, and 
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in Knautia dipsacifolia Host, which is figured as an 
example at Plate I. fig. 7. 

It may again be laid down as a general rule, that 
the closer to the flower tlie greater the accumula- 
tion of the prickly formations ; and every one must have 
noticed that in our common thistles the lower leaves are 
less prickly than the upper ones, and these again than 
the leaves of the involucrum. There are many plants 
moreover where the stem and leaves are perfectly smooth 
and free from prickles, while the involucrum is studded 
with rigid points. Of this latter condition good ex- 
amples are furnislied by many species of Centaurea, 
and in Plate I, fig. 8, I have given in illustration of 
this an enlarged drawing of the involucrum of C. 
cyanus, L, a widely spread species of this group. In 
this plant neither stem nor leaves show any trace of 
prickles, while every one of the lower and middle in- 
volucral bracts is beset with stiff, sharp, scarious teeth 
round its whole margin, excepting where overlapped 
by a neighbouring bract. All these teeth curve down- 
wards, so that their fine needle-like points are pre- 
sented to any animal that would creep up to the 
flowers. The involucrum thus furnishes a protection 
which is deterrent even to ants, who are not easily 
stopped by opposing points; and the protection is so 
much the more complete, inasmuch as the bracts of 
the involucrum overlap like tiles, so that an animal 
that has by luck got over a lower bract will find itself 
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on a second similar one, equally beset round its margin 
with down-curved points. 

The Centaurea cyanus L., which I have just taken 
as an example of one statement, is of interest also in a 
second way ; for it serves to show that the question 
whether the visits of animals are advantageous or pre- 
judicial to a flower, depends not merely on the shape 
of the animal that visits it, but also upon the path by 
which the animal makes its entrance. I have aheady, 
at page 25, referred to this very noteworthy fact ; but 
this will be a proper place to consider the structural 
arrangements in plants which are therewith associated. 
For this purpose it will not be necessary to start with 
a detailed description of the flower-structure of Cen- 
taurea cyanus. It will be enough to say that its 
flowers are proterandrous and adapted for allogamy. 
The upper part of the style, which in the earlier stage 
of the flowering process sweeps out the pollen from 
the anther-tube, and at a later stage lays bare the 
receptive stigmatic surfaces, projects 4 mm. beyond 
the tube of the corolla, and is so placed that even 
small insects, if they come flying from above or from 
the side, must inevitably graze it on their way to 
the nectar; but should these small insects, on the 
contrary, reach the flower from below, they would be 
able to get at the nectar — which is so abundant as to 
fill the bell-shaped expansion of the tube half-way up — 
without ever coming into contact with the stigma, 
G 
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which would he 4 mm. above them ; and thus the 
nectar would be expended without profit to the plant. 
Such access, however, to the flower from below is 
rendered impossible to all small insects, winged and 
wingless alike, by the above -described formation of the 
involiicrum. Supposing a small winged insect to have 
crept up the stem as far as this involiicrum, and still 
to aspire after the nectar, there is no other course open 
to it than to take to its wings, pass over the obstacle 
by flight, and thus approach the flower from above, 
that is, by the path which will inevitalily liring it into 
contact with the stigma. Thus the prickly scales of 
the involucrum protect the flowers, or rather the nectar 
which the flowers secrete, only in the sense that they 
prevent the nectar being got at from below. It is only 
when visitors would make their approach in this direc- 
tion, that they are unwelcome. Let them come from 
any other side, and their visits are in the highest degree 
acceptable. Protective appliances of tliis character — 
to which we may not unfitly give the name of “ path- 
pointers” — are of extraordinary frequency, and amongst 
them are to be reckoned numerous prickly formations 
occurring in the neighbourhood of the flowers. 

It has already been stated that the prickles and 
sharp bristles which beset the epiderm of the axis, as 
also the needle-like processes of the lower bracts, 
usually point downwards ; the object manifestly being 
to keep off such soft-skinned animals as would creep up 
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from below. But from what has been said concerning 
Centaur ea cyanus, it is plain that such down-turned 
bristles may serve also as “path-pointers” toflyinginsects; 
for. these might occasionally creep up from the ground, 
or, having first lighted on the leaves, might then try to 
pass upwards to the flower along tlie stem. But the 
parts which pre-eminently, and above all others, act as 
path-pointers are those upturned bracts which surround 
the flowers and inflorescences of many Umbelliferm 
{Eryngium al^inum, etc.), as also the involucres of 
many Compositie (Atractylis, Carduus, Kentrophyllum, 
and innumerable other Cynarocepbalae), with a dense 
circlet of sharp points ; and again the prickles wliicli 
so often tip the sepals of the Labiata3. It is by no 
means uncommon to find one and the same involucre 
with down-pointing pricldes on its lower, and up-point- 
ing prickles on its topmost, bracts ; an arrangement by 
which defences are provided against visitors of the most 
diverse kinds. This may be well seen in Centaurea 
cyamis, and also in Carlina vulgaris ; the involucruni 
of which latter, already referred to, is represented in 
Plate I. fig. 20. 

Amongst these protective appliances, of which I 
said above that they also act as “ path-pointers,” are 
again to be reckoned those minute tooth-like pricklets 
which are found on certain spots of the inner surface 
of the perianth, as also on the andrcecium of some 
Labiatse and Scrophulariaceae. A very pretty example 
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is furnished by Lmnurus heterophyllus Sweet. Here, 
as in most Labiates, the style and anthers are placed 
under the roof-like upper lip, so as to he sheltered 
from rain and dew. The mouth of the corolla is 
however so widely open, that small flying insects could 
pass their proboscis along the lower surface of the 
corolla-tube, and reach the nectar at the bottom of 
the flower, without touching the stigma or anthers, 
which lie concealed under the upper lip. This 
robbery however is rendered impracticable by the under 
side of the corolla-tube being studded on its inner sur- 
face with numerous sharp pricklets, into contact with 
which no insect will bring its proboscis and antenna}. 
The insect therefore is led to try some other mode of 
access. Avoiding the pricklets, it makes its way in 
higher up under the upper lip, and in so doing rubs 
either against the stigma or, if the flowering process has 
reached a more advanced stage, against the anthers. 

Precisely the same occurs in Pedicularis recutita, 
(Ederi, foliosa, rosea, and verticillata. It would occupy 
too much time, and moreover would be out of place 
here, to describe the no less complicated than wondrous 
mechanisms of these flowers ; mechanisms which aim 
primarily at cross-fertilisation by the aid of insects, but 
yet, in default of insect visits, produce autogamy. It 
will be enough to give one example to illustrate this 
function of pricklets ; and we may select the corolla of 
Pedicularis recutita, since this is represented in Plate II. 
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fig. 50. In this flower a groove, bordered on either 
side by a swelling, runs along the median line of the 
lower lip. The humble-bees which visit the flower must 
pass their proboscis down this gi‘oove, if their visit is to • 
be of any use ; for it is only by attacking the nectar in 
this manner that they can cause tlie upper lip to incline 
forward with a peculiar angular motion, rendered pos- 
sible by a pair of lateral joints ; in which case the 
powdery pollen will fall out of the anthers, and the 
concealed stigma be brought down on the back of the 
bee. Should the bee insert its proboscis higher up, 
above the groove, the angular motion would not occur, 
and the mechanism would not be brought into play. In 
order, however, that the humble-bees may not so act, 
but may be compelled to introduce their proboscis by 
the only way which can benefit the flower, the upper 
lip is in this region studded with small sharp teeth ; all 
contact between which and their proboscis the humble- 
bees have good reason to shun. 

The several species of Melampyrum present a pre- 
cisely analogous arrangement in their flowers. As, 
however, may be seen in Plate II. fig. 71, which 
represents a flower of Mclam'pyrum ]pmtensc L., the 
pricklets are now set not on the corolla, but on the 
filaments of the anthers, which enclose the entrance 
to the nectariferous recess like a frame or a pair of 
toothed jaws. Their purport, however, is precisely the 
same as in Leonurus or in the above-mentioned species 
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of Pedicularis. In the one case as in the others the 
visitors are warned to adopt the right inode of entrance, 
that is, the one most advantageous to the flower. 

The function of the minute pricklets which are to 
be found inside the corolla of certain Asperifolia), 
notably of some species of Symphytum, is slightly 
different. The pricklets are here placed neither on the 
inner surface of the corolla nor on tlie filaments, but on 
certain epiblastemes of the corolla. These epiblastemes, 
which alternate with the stamens, are made of tough 
tissue, have an elongated triangular outline, and are 
beset round their edges with small sharp teeth, which 
may almost be compared with the processes on a sword- 
fish’s spear. (See Plate IT. fig. 74). They project into 
the corolla-tube, and are so closely apposed to each 
other as to form a hollow cone, the apex of which 
points towards the mouth of the flower, and has in 
its centre an opening through which the style is seen 
to protrude (Plate II. fig. 73, longitudinal section 
of a flower of Symphytum officinah^. It is only at 
their very tij^s that the epiblastemes or throat-scales 
are without teeth. But it is these tips that sur- 
round the small central hole in the apex of the 
cone, which gives issue to the style ; and through this 
hole such insects as have a proboscis long enough to 
reach the bottom of the flower can therefore suck the 
nectar without hurting that sensitive organ. It is, 
moreover, only by this method of suction that they will 
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come in contact first witli the stigma and then with 
the anthers, and so will convey pollen from one flower 
to another, and promote intercrossing. They will never 
thrust their tender proboscis through the lateral chinks 
between the adjoining scales, defended as these are by 
pricklets. So far, therefore, the pricklets act as “ path- 
pointers” to invited guests. But inasmuch as they 
also shut out all such smaller insects with shorter pro- 
boscis, as would, in their absence, get at the nectar 
without first striking the stigma and then getting 
powdered with pollen, they are to be considered not 
only as path-pointers, but also as protective appliances 
against unbidden guests. 

5. Accm to Flowers impeded by Hairy Formations, 

The protective appliances hitherto considered are 
developed as a rule along the road which creeping 
insects must follow in order to pass from the ground to 
the flowers, and only in exceptional cases are to be 
found inside the flowers themselves. Viscid substances 
indeed, collections of water, or chevaux-de-frise of sharp 
prickles, could scarcely be placed with profit inside the 
flower ; for this would prevent the visits of almost all 
flying insects to the nectar. But amongst these flying 
insects are, as is well known, not a few whose visits 
are not merely advantageous but actually indispensable 
for the production of germinable seeds ; and these, of 
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course, are insects that, instead of being repelled, are to 
be attracted, and to whom every possible facility is to 
be given of rifling the nectar. It might, therefore, be ex- 
pected, even a priori, that no impassable barriers would 
be found inside the flowers on that short tract which 
these welcome visitors must traverse either with their 
proboscis or with the fore-part or whole of their body, 
but merely such formations as would keep out unbidden 
guests, and direct bidden ones on the right way. 

Soft hair-like trichomes are pre-eminently suited for 
the construction of apparatus which will serve this 
double function. When collected in large number, so 
as to form trellises, “weels,”^ or similar aggregations, 
these trichomes can easily render all access impossible 
to one insect, while tliey offer no hindrance to a second, 
whose longer thin proboscis can be readily thrust be- 
tween the soft hairs, or whose greater strength enables 
it to push open the latticed door. 

Such hair-like trichomes are, in fact, used in a vast 
number of cases to form the internal defence of flowers 
against unwelcome flying visitors. 

It must not, however, be inferred that every such 
trichome, when found inside a flower, has this and no 
other function ; nor yet that stems and leaves are 

' [“ Weel” is the teclinical name for those wicker baskets with 
a small terminal opening that are xised by fishermen to catch eels, 
etc. ' The arrangement of the stamens in the flowers represented 
in Plate III. fig. 87, will give a tolerably correct idea of the shape 
of such a weel. — Editor.] 
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never protected by similar formations. All that can 
be said is that such trichomes, when developed on stem 
or leaves, as a rule fulfil some other function than that 
of keeping off insects from the flowers ; and on the 
other hand that when developed inside a flower, their 
office in the great majority of cases is the exclusion of 
unbidden guests/ 

Just as thorns are sometimes to be considered as 
modified leaves or parts of leaves, at other times as 
epiblastcmes of the epiderm, so also are the hair-like 
structures in question sometimes to be looked on as 
parts of a fibrillated petal {Gcntiana ciliata, Plate IT. 
fig. 64; Tellima grandiflora, Plate IT. fig. 75), and 
sometimes as epiblastemes of the floral organs. In 
the latter case again they may present themselves as a 


^ Hair-like trichomes, when inside tlie flower, have various func- 
tions. Sometimes they keep the anthers for a time in some fixed 
position (several species of Euphrasia, Thesium) j sometimes they 
cause the discharged pollen to fall in some definite direction 
(Trixago, Pedicularis, Orobanche) ; sometimes they sweep the 
pollen out of the tube formed by the anthers {Composite), or 
collect the pollen grains (penicillate and feathery stigmas) ; some- 
times they serve as a bridge for insects, leading them to the right 
entrance into the flower {Campanula barhata), etc., etc. Hair- like 
formations in many cases are of no use until the process of 
flowering is over. Such, for instance, is the case with the “ weels ” 
in the caly.x of lliymm serpyllwni ; and such, of course, with all the 
hair-like structures that minister to the dispersal of fruits and 
seeds. Hair-like trichomes, when on the stem and leaves, in part 
protect the leaves from too great evaporation ; in part act as a 
cooling apparatus, inasmuch as by their powerful radiation of heat 
they bring about condensation of moisture and abundant deposition 
of dew. 
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delicate fringe round a leaf-like epiblasteme (a so-called 
para-corolla), as for example in Gcntiana nana Wulf. 
(Plate 11. fig. 72), and Soldanella alpina L. (Plate II. 
fig. 7G), or as simple hairs, ie. trichomes in the limited 
sense of tlie term. As far as function is concerned 
these morphological distinctions and hair-splittings are 
utterly irrelevant. What, however, is really of impor- 
tance, is the manner in which these hair-like structures 
are grouped inside the flower ; and in this respect we 
find an extraordinary amount of variety. 

One form of protective appliance which recurs with 
great frequency, and which manifestly serves to pre- 
serve the nectar, or much more rarely the pollen, from 
insects of such small bodily dimensions that in visiting 
the flowers they would not come necessarily into suc- 
cessive contact with the stigma and the pollen, is the 
introduction into the flower of lattice-work and “weels” 
of hairs.^ These are usually composed of straight 

^ These “weels,” which are especially frequent in the flowers of 
Labiat®, as also the internal tangles of trichomes, which will be 
dealt with at length later on in this chapter, and of which we 
have examples in the flowers of various geraniums, have hitherto 
been usually explained as serving to protect the nectar from rain 
and dew. But thi.s is certainly a mistaken interpretation. Were 
it a true one, we ought to find the trichomes dripping with mois- 
ture after every fall of rain or dew ; which is never the case. Such 
trichomes arc, as a rule, completely covered in by the periantli, so 
as not to be exposed to rain or dew ; and such flowers as turn their 
faces upwards when exj)anded in the sunshine {e.y. most species of 
geranium) hang them downwards in rainy weather, or when even- 
ing comes on ; so that the perianth at such times is not like an 
up-turned funnel, but like a down-turned bell. When leaves form 
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flexible elastic trichomes, set in a circle round the 
inner surface of the tubular portion of the corolla, 
and having, each and all, their free ends turned towards 
the centre of the tube. Such, for instance, is the 
arrangement in Phlomis, Lamiurn, Leonurus, Stachys, 
Eallota, and numerous other Labiatic, as also in many 
Scrofularinem, especially in most species of Veronica, 
and again in sundry Verbcnaccic and Asperifoliro. The 
position of this diaphragm of hairs within the tube is 
variable ; sometimes it is placed near the mouth of 
the tube, as in Verhena officinalis and Anckicsa arvensis 
(Plate II. fig. 49), and as in Gentiana germanica and 
G. nana (Plate 11. fig. 72); sometimes it lies deeper 
in towards the bottom of the tube, as for instance in 
the Prunellas, in Horminium pyrenaiciim (Plate III. 
fig. 99, longitudinal section of flower; fig. 100, transverse 
section just in front of the diaphragm), and in Phlox 
paniculata (Plate III, fig. 101, longitudinal section of 

basin-like hollows in which water collects, this water protects the 
flowers from crawling animals, and is retained in the basins for a 
considerable time ; but when flowers have this basin shape there 
are numerous reasons why they should be prevented from getting 
filled with water, and in fact they are so protected by manifold 
contrivances (see A. Kerner : Schutzmittel des Pollens gegen die 
Nachtheile vorzeitigen Dislocation und Befeuchtung). When there 
is no special protective appliance, as for instance in those Saxifragea) 
and Umbelliferse whose flowers neither close nor bend downwards 
nor sidewards during rain, it will be found that such protection 
would be superfluous. The nectar in such flowers forms but a very 
thin layer, and is neither washed away, nor even diluted by rain- 
drops, for these, as also dew, run off the slimy layer of nectar, as if 
from a varnished surface. 
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whole flower; fig. 102, longitudinal section of lower 
part of tube). In Veronica officinalis the“weel”is 
placed at the mouth of the tube, but, as the tube is 
very short, is still only just above the nectar which it 
protects (Plate III. fig. 94, longitudinal section; fig. 
93, front view of the flower). The trichomes which 
constitute the weel do not always form a complete 
circle round the corolla, but are frequently given 
off only from one side ; in wliich case however they 
aje so long as to extend over tlie whole central space 
of the tube. This, for instance, is the case in Veronica 
ChamocdrTjs (Plate III. fig. 91, lateral view of corolla; 
fig. 92, longitudinal section of same). 

In Passion-flowers the whole corona constitutes a 
single, double, or treble “ weel,” as may be seen very 
beautifully in the section of the flower of Passijlora 
vespertilio (Plate HI. fig. 81). Lastly, a very remark- 
able weel-formation is to be found in many lilies {cjj. 
I^ilium clialccdonicum), and in several gentians, especi- 
ally of the genera Ophelia and Swertia. The nectar is 
here secreted in certain pit-like depressions on special 
epiblastemes of tlie corolla ; and the annular margin of 
each depression is broken up into a fringe of hair-like 
processes, whose points converge, and which twist and 
interlace so as to form a kind of .cage over the necta- 
riferous pits (Plate II. Swertia jperennis, fig. 67, longi- 
tudinal section of flower ; fig. 68, lower part of the petal, 
with its pair of nectariferous epiblastemes ; fig. 69, longi- 
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tudinal section of a single nectariferous epiblasteme). 
Strong and flying insects that approach the flower from 
above, and, in sucking the nectar, strike the stigma and 
the anthers in due succession, can push their proboscis 
between the bars of the trellis that covers in the nectar- 
pit; while smaller insects, that try to creep in from 
below and from the side, and so would not come into 
contact with stigma and anthers, are excluded from the 
nectar by means of the trellis. In Malvaceae the 
nectar is secreted in small hollows placed at the basal 
commissures of the united petals; and each of these 
little hollows is guarded by a “weel” of radiaUy- 
set trichomes (Plate III. fig. 105, Malm rotundifolia. 
Transverse section of corolla, close to the bottom of the 
flower). 

Such “weels” and trellises are also often to be 
found on parts of the androecium. For instance, in 
HaplopliyUum patavinum (Plate III. fig. 109, longitu- 
dinal section of flower), the lower portion of the fila- 
ments is furnished with trichomes which point inwards, 
and form a treUis-work over the nectariferous disk that 
supports the ovaries. A similar formation is also to 
be seen in Physalis atripUcifolia, In this instance the 
trichomes are, it is true, very short ; but this is com- 
pensated by a knobby thickening of the base of the 
filaments. Often again the stiff filaments stand in a 
circle round the nectary, like the staves of a cask, and 
have their lateral margins beset with trichomes that 
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project in horizontal and parallel lines ; so that small 
weels are formed, and fill up the interspaces between 
each stave and its neighbour. This is more especially 
the case when the anthers also contribute to the closure 
of the nectary ; conniving and coming into lateral con- 
tact with each otlier, so as to form a conical hollow 
space within the flower, the apex of which points out- 
wards, while the base is upon tine filaments ; as may be 
seen for example in Yaccimuiii oxycoccos (Plate III. 
fig. 103, longitudinal section of flow'er ; fig. 104, trans- 
verse section of the circle of stiff filaments, laterally 
beset with trichomes). A like arrangement may be 
also noticed not unfrequently in the andrcecium of the 
Composita3 and Campanulacecie. I have tried to illus- 
trate this in Plate III. fig. Ill, by a longitudinal 
section of a flower of Cirsium spinosisswmm ; and in 
Plate III. fig. 89, by a drawing of a single anther with 
a much dilated and hollowed base from a flower of 
Campanula harlata. 

Lastly, the gynaecium may be the seat of the weel- 
formation. A beautiful example of this is furnished 
by Monotropa liijpopitys L. In this flower there is a 
coronet of trichomes on the style, just below the pro- 
tuberance which surrounds the stigma. These trichomes 
radiate from the style, and touch the petals with their 
free ends, so as to form a circular diaphragm. (Plate I. 
fig. 19, longitudinal section of anterior part of flower; 
fig. 18, end of style seen from above.) 
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In many cases the protecting trichomes do not, as 
in the above instances, form “weels” — that is, rows 
of straight close-lying processes in form of fringes, 
hairs, and staves — but are simply tangles, that is, 
irregular bundles of soft hairs, which block up the 
tubular or funnel-shaped entrance of the corolla-like 
plugs of wool; plugs, which entirrdy exclude all 
smaller weaker insects, and such as have but a short 
proboscis, while they in no wise prevent the larger 
stronger species, with long proboscis, from access to the 
spaces beyond them. This kind of formation, again, 
is found sometimes on the inner surface of the peri- 
anth, sometimes on the androecium, sometimes on the 
gyufEcium, and, lastly, sometimes on more than one of 
these parts in one and the same flower. In Mcnyanthes 
(Plate IT. fig. 70, longitudinal section of flower), 
in Ly copus, Thymus, Calamintha ctlpina, Faederota Bona- 
rota, and P. Ageria, Primula minima, Lonicera sempcr- 
virens, Arctostaphylos alpina, and A. uva ursi (Plate 
III. fig. 110, longitudinal section of flower). Geranium 
paliistre, and many other flowers, it is the corolla which 
is the seat of the formation, the interior of this being 
covered with a fleecy tangle of trichomes, which 
extends either over the entire surface, or is limited to 
the lower and narrower part above the nectar-cavity. 
In Gera7iium silvaticum, Rhododendron hirsutum, and 
R. ferrugineum, Lonicera nigra, L. xylosteum, and L.' 
alpigena (Plate III. fig. 9 6, longitudinal section of flower). 
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the corolla is partly covered with trichomes, but these 
combine with others given off from the filaments to 
form a thick tangle that covers in the nectary. 

In many cases the inner surface of the corolla is 
smootli ; and the tangled trichomes that cover in the 
nectary are confined to the base of the filaments. Such 
is the case, e.g., in Lycium harharum, Atropa bella- 
donna, Ipomoea violacm, and Polemoninm mruleum. 
In Cobcm scandens (Plate III. fig. 85, longitudinal 
section of flower), the base of each filament looks as 
though it were wrapped up in white fur ; and the fine 
fur- like bundles of trichomes form, by their juxtaposi- 
tion, a stopper, which divides the bell- shaped coroUa 
into two chambers, the posterior of which secretes the 
nectar, while the anterior shelters the stigmas and 
anthers. In Tulipa silvestris (Plate III. fig. 95, base 
of ovary, a single stamen, and lower part of a perianth 
leaf, which has been cut across) the nectar is secreted 
by the bases of the filaments, just as in the Geraniums. 
Each filament is hollowed out at its base on the side 
turned towards the perianth, and these hollows are full 
of nectar. They are completely covered in by bundles 
of trichomes, which are given off from the part of the 
filament just above them; so that an insect nannot 
possibly get at the nectar without forcing its way in 
underneath the bundle of trichomes, and slightly lifting 
up the whole stamen. 

In MarruUum percgrinum and Daphne Blagayana 
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(Plate III. fig. 112, longitudinal section of lower part of 
corolla-tube) it is the gynsecium, in fact the ovary, that is 
furnished with a tangle of trichomes. These reach from 
the ovary to the inner side of the perianth, and exclude 
all unbidden guests from the nectar in the space below. 
In Yima herbacea (Plate III. fig. 106, longitudinal sec- 
tion of lower part of flower ; fig. 108, a single stamen ; 
fig. 107, the style) there is a tuft of trichomes at the top 
of each stamen. These interlace with similar trichomes 
on the top of the disc-shaped head of the style, and 
with their aid stop up the corolla-tube, giving the 
impression of a plug of cotton-wool being stuck in the 
mouth of the tube. One of the most curious arrange- 
ments which have to be noticed in this section is that 
which exists in Centrantlms angustifoUus and C. ruler. 
The corolla-tube in these flowers is twelve mm. in 
length, and hardly one mm. in diameter. It is divided 
throughout its whole length into two compartments by 
a membranous septum. In the upper and smaller of 
these compartments lies the thread-like style, while the 
inferior and somewhat wider one is prolonged at its 
base into a saccular spur, in which nectar is secreted 
(Plate III. fig. 97, longitudinal section of flower of 
Centrantlms ruler ; fig. 98, transverse section). This 
lower compartment is thickly set with trichomes the 
whole way down from its mouth to the spur ; and 
though these trichomes permit the insertion of a pro- 
boscis, they render, it quite impossible for any of the 
u 
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smaller insects (Thrips alone excepted) to creep in and 
reach the nectar. 

That the purpose of all these structures is the pro- 
tection of the nectar from such insects as are too 
small to conduce by their visits to cross- fertilisation, 
is shown quite clearly by those Labiatae in which the 
filaments and style are so elongated as to bring anthers 
and stigma to a point considerably in advance of the 
upper lip (Origanum, Thymus, Mentha, Lycopus). Here 
no other insects than such as approach the flower on 
the wing and from the side can possibly come into due 
contact with the far-projecting stigma and anthers; 
while such as come creeping up from below, and have 
a body not more than 1*5 mm. in thickness, were no 
barrier put in their way, might steal in over the under- 
lip, between and beneath the filaments and style, and 
rifle the nectar without so much as touching stigma 
or anthers, which would be in advance of them during 
their whole visit. In such case the nectar would be 
expended to no purpose. But it will be found that in 
all snch Labiatae, in all, that is to say, which are charac- 
terised by far-projecting anthers and stigma, the corolla 
is invested with a thick fleecy covering of trichomes, 
by which small and creeping insects are effectually 
excluded. 

The “weels” and tangles of trichomes which we 
have as yet been considering effect the complete exclu- 
sion of unbidden guests from the recesses of the flower, 
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making it impossible for them to get at the nectar. . In 
other cases, however, similar trichomatous structures, in 
endless variety of form, merely keep off welcome and 
invited guests from some or other part of the flower, 
and compel them in their visits to follow some definite 
and predetermined path. These formations, to which 
in a preceding section I gave the name of “path- 
pointers,” are, like the other formations, to be found 
sometimes on the gyncecium and androecium, sometimes 
on the perianth, and sometimes on the involucre or 
other of the floral appendages. 

Among the best known of these are, perhaps, those 
curious structures which are interposed in Parnassia 
palustris between the anthers and petals, and are usually 
spoken of as nectaries. In fact they are rightly thus 
designated, for they each have two small longitudinal 
depressions on their inner aspect, and in these nectar 
is secreted. This nectar, however, is unapproachable 
except on the side turned towards the ovary ; and any 
insect that gets at it must necessarily come into 
contact with the central part of the flower, where in 
the first stage of flowering the pollen, and in the later 
the mature stigma, is exposed. The insects therefore, 
inasmuch as they must fix themselves on the centre of 
the flower in order to suck the nectar, will inevitably 
rub in some cases against the anthers, in others against 
the stigma, and, flying from flower to flower and from 
plant to plant, will bring about allogamy. But how 
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about the insects that alight on the edge of the petals ? 
If they approach the nectaries from the edge of the 
out-spread perianth, they find an obstacle in their path 
in the shape of a trellis, formed by a hair-like fringe 
given off radially from each nectary (Plate III. fig. 83, 
longitudinal section of flower; fig. 84, a single nectary 
seen from the side turned towards the ovary). This 
obstacle, however, is not insurmountable ; for the hairs 
of the fringe neither secrete viscid matter nor end in 
sharp points, but terminate each in a small globular 
yellow head. The insects can therefore clamber over 
the trellis with perfect ease and without any damage 
whatsoever, and, so reaching the nectary (fig. 84) on 
the side turned towards the ovary, can get what they 
sought. But in thus clambering they must also 
inevitably come so close to the floral centre as to 
strike either anther or stigma, as the case may be. 
Whether, therefore, the flying insects alight directly on 
the centre of the flower, or alight first on the edge of 
the perianth and then approach the nectar by a round- 
about way, their ultimate mode of entrance is the same. 

Very much the same part is played by the long 
thin twisting trichomes of Campanula harhata. These 
are given off from the edges and inner surface of the 
segments of the corolla, and project into the interior of 
the bell- shaped flower. It is to them that the plant 
owes its name “barbata.” At first sight it might be 
supposed that these trichomes, which cover in the 
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mouth of the bell like a net or lattice- work, were 
intended to guard the nectar from such flying insects 
as were too small to come in contact with the 
centrally-placed stigma and pollen-smeared style, 
when making their approach from the edge of the 
perianth. But this is certainly not the case; for 
independently of the fact that the nectar in this 
flower is protected by another method, which will be 
described in the next section, it is easy to convince 
oneself, by actual observation of the behaviour of 
insects in visiting the flowers, that the long trichomes 
which trellise the mouth of the corolla are no protec- 
tion whatsoever against such insects as may alight 
on the edges of the petals. On the contrary, such 
insects will be seen to climb over the trellis until they 
reach the free ends of its component hairs, which come 
close to the centre of the mouth of the bell, where the 
style ends in three spreading or recurved stigmas. 
(Plate HI. fig. 88, longitudinal section of flower.) The « 
insects pass over to these stigmas from the trellis hairs 
in order to make a further advance into the recesses 
of the beU ; the trellis in fact serves them simply as a 
bridge ; and conducts them eventually, though after a 
circuit, to the self-same entrance as that to which 
liumble-bees direct their flight at the very first. 
Whichever method of approach then is adopted by 
the insect, the result is the same ; and I have myself 
seen small beetles {Anthobium sorhi Gyll, Meligethes 



94 Flowers and their Unbidden Guests. 

ccneus Fabr.), after alighting on the tips of the corolla, 
and passing thence by the above-mentioned circuit 
to the centre of the flower, smear the stigmas with 
pollen whicli they had brought from other flowers of 
the same species.^ 

In the genus Tropseolum again there is a “ weel ” 
formed by the fringes into which the laterally con- 
stricted margins of the three lower petals are slit, and 
over this “ weel ” all the smaller insects that light on 
the edge of the petals must climb, if they would get at 
the nectar. Now suppose a flower, say of Tropceolum 
majus, to be without this ‘‘weel.” In that case an 
insect, whose body was not more than 2 5 mm. in thick- 
ness, would be able after alighting on the three lower 
petals to creep in between the style and the filaments, 
and get to the nectariferous spur of the calyx, without 
touching either stigma or anthers. But if the “ weel ” 
be there — consisting as it does of fringed processes 4 
mm. in length, and not more than 0’5 mm. apart, 
nay even occasionally intertangling with each other — 
an insect in climbing over it cannot possibly help 
coming into due contact with stigma and anthers, 
seeing that these lie immediately behind it. Similar 
weels and trellises made out of fringes are to be 

^ These little beetles tried, indeed, to get at the nectar in the 
bottom of the bell, but, owing to the arch which protects it (which 
will be described in the next section), without success. At last 
they returned over the style, and contented themselves with the 
pollen with which this was coated. 
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seen in Gentiana ciliata^ Tellima grandijlora and 
Owphea platycenira ; and their action is precisely the 
same ; that is, they in nowise absolutely exclude from 
the nectar such insects as light upon the outer side 
of the corolla, but merely serve as “path-pointers,” 
or as bridges which conduct the insect eventually 
to a door of entrance, of which it cannot avail itself 
without necessarily rubbing against the stigma and 
the pollen.^ To describe these three flowers in detail, 
and the manner in which insects visit them, w'ould 
be little more than to repeat what has already been 
said. I may therefore content myself with referring 
the reader to the plates, in which all three are repre- 
sented (Plate 11. fig, 64, Gentiana ciliata ; Plate II. 
fig. 75, Tellima grandiflora ; and Plate III. fig. 82, 
Cuphea platycenira). There is, however, one point 
respecting Gentiana ciliata and Tellima graridijlora, 
which should perhaps not be left unnoticed. If the 
trellis formed by the laciniate petals were not present^ 
in these flowers, insects that alighted on the outside of 
the perianth would be able to get at the nectar through 
the open chinks between the contiguous petals, with- 
out, of course, duly touching stigma or anther ; so 
that it is a matter of great importance as regards the 
protection of the nectar that these chinks shaU be 
closed by the fringed trellis-work. If the insects 

^ It need liardly be mentioned that all these flowers are dicho- 
garaous. 
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clamber over the trellis, and get inside the flower 
through the central entrance, then they must neces- 
sarily come in contact with the stigma, and in due 
succession with the anthers.^ 

In the cases with which we have been dealing it 
is the corolla that is split up into a fringe. But 
in many other flowers it is the margin of the calyx 
tliat is thus fringed, or that is beset with hair-like 
trichomes which prevent insects from getting at the 
nectar by back-doors, and direct them to the main 
entrance, where anthers and stigma are placed to meet 
them. I purposely select a very inconspicuous small 
flower, Alyssum calycinum (Plate I fig. 40, flower seen 
from above), as an example of this frequently recurring 
arrangement. The segments of the calyx are here sepa- 
rated by deep fissures, which reach almost to its base, 
and inasmuch as the claws of the petals which stand 
in front of these fissures only close them imperfectly, 
it would have been possible for very small insects, that 
had settled on the stem, or had crawled up from the 
ground, to creep in through these lateral clefts and so 
get at the nectar. But the hair-like trichomes which 
grow on the convex surface of the sepals interdigitate 
repeatedly with each other, and form a lattice-work in 
front of the clefts, their free points reaching as far as 

1 I saw the small beetle MeMgethes exilis fecundate a flower of 
Oentiana cUiatay after it had been compelled by the “ weel ” to get 
in at the central entrance, which brought it into direct contact 
with the mature stigma. 
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the petals. Insects when they find themselves at 
these trellises never try to penetrate them so as to get 
to the bottom of the flower through the clefts behind, 
but use them as bridges by which to mount on to the 
lamina of the petals, and thence pass on to the nectar 
through the central aperture of the flower. 

It has already been noticed in an earlier section, 
that bracts also, when split up into a lattice of inter- 
crossing fringes, or when covered with hair-like tri- 
chomes, confer a similar advantage on the flowers and 
inflorescences which they surround ; and that they 
compel such small insects as may light on the invo- 
lucre to follow that path which alone will make them 
welcome visitors. Such “ path-pointing ” bracts are to 
be found in plants of the most widely separated 
species ; and I will merely mention here a few 
examples taken from the most diverse families. Such 
then is the very beautiful involucre of Lagmia cumi- 
noides (Umbelliferee), and of Nigella damascena (Hanun- 
culaceae) ; such also the trellised bracts that surround 
the blossom of Gleonia lusitanica (Labiat®), and of 
Rhinanthus angustifolms Gmelin (Scrophulariaceae) ; 
such again the involucre of Gentaiirea psmdophrygm 
C. A. Meyer (Compositse), of which last a drawing is 
given in Plate 1. fig. 1 7. 

Finally, I may remark that hair-like trichomes, when 
found on stems and leaves, stand in most cases in no 
direct functional relation to the visits of animals; 
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though there are at the same time indisputable cases 
where they prevent animals from crawling up to the 
flowers from below. Such, for example, is the case in 
Sempervivum arachnoideum L, and other nearly allied 
species, where the radical rosette, the stem, and the 
sessile leaves, are covered over with a web of such 
trichomes ; such also in many Compositae, where similar 
formations are found on leaves and stem, sometimes 
(e.g. Cirsium criophorum) as high even as the invo- 
lucrum. Many small wingless animals are utterly 
debarred from any possible progress by such trichomes; 
many are caught and held in the tangle of fibres as 
securely as in a spider’s web, and once in can never 
again get free. 

6. Access to Flowers impeded hy Parts of the Plants and 
especially Parts of the Flower, being bent, or dila te ’ 
or crowded together. 

In all cases where the nectar is abundant, and 
yet is not protected by any of the hair-like structures 
described in the preceding section, one may reckon 
with almost certain confidence on finding such pro- 
tection afforded by the peculiar position or formation 
of some or other parts of the flower. These, to 
mention the main features, are either curved, or dilated, 
or crowded together ; and so form grooves, tubes, 
tubercles, saccular recesses, chambers, in such endless 



Closed Nectar- cavities. 


99 


variety of form as to render it a difficult task to give 
a general view of them. 

For our purpose it will perhaps he best to divide 
them into two groups, one containing those structures 
which completely cover in and enclose the nectar, the 
other containing those in which the closure is incom- 
plete, a narrow orifice being left through which animals 
can insert their instruments of suction. 

In the former group, then, we have completely closed 
cavities, to which insects have no means of access 
except by lifting up or pushing asunder the over-arch- 
ing, or dilated and closely approximated, parts. Not- 
withstanding the elasticity and flexibility of the parts, 
such a separation of them always implies a vigorous 
push, and requires a certain amount of strength in the 
animal that effects it ; so that the smaller and weaker 
kinds are as a rule effectually excluded from these 
‘perfectly enclosed cavities. Nor is it hard to recog- 
nise the close relation that exists between the strengtji 
or size of the visiting insect and the mechanical 
arrangements of the visited flower ; and it may be laid 
down as a general rule that whenever animals are of 
such small dimensions as not necessarily to come into 
contact with the pollen and the stigma of a given 
flower when visiting it, they will also be without the 
strength required to push asunder the parts which 
form its nectar-cavity. 

The walls which enclose the nectar-cavity may be 
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parts of the variously-contorted perianth or parts of 
the andrcecium and gynaecium, and in no few instances 
parts of several different floral whorls contribute to 
their formation. 

Amongst the best known of the flowers which 
present this kind of formation may be mentioned 
Corydalis, Fumaria, and Diclytra, as also many with 
what are known as “personate” corollas, such as 
Antirrhinum, and many species of Linaria (Plate 11. 
fig. 41, Linaria alpina). In these plants the lower lip 
of the corolla is strongly curved, and has an arching 
protuberance, the convexity of which is in immediate 
contact with the upper lip, so that the entrance to the 
flower is completely closed. An insect that alights on 
the lower lip cannot possibly get at the nectar in the 
spur, unless, by forcible pushing and shoving, it causes 
a depression of this lip. 

In many cases the over-arching is brought about by 
e-niblastemes or outgrowths of the corolla, which assume 
the form of humps ; and which, being closely approxi- 
mated to each other, must be pushed asunder by force 
before an insect can insert its proboscis into the nectar- 
cavity. The Cynoglossum pictum, represented in Plate 
IT. fig. 60 in longitudinal section, is an instance of this. 
Sometimes instead of humps there are merely scales or 
valve-like processes, which are given off by the corolla, 
and project into the interior of the flower, so as to 
divide it, as with a diaphragm, into two chambers, in 
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the lower of which the nectar is stored. Such, for in- 
stance, is the case with ^chmea cmrulea and Soldanella 
alpina (Plate II. fig. 76, longitudinal section of flower). 

Still more peculiar is the arrangement in the several 
species of Nigella, where the nectariferous cavities, 
formed in the petals, are closed by moveable lids. 
(Plate III. fig. 77, side view of such a petal of Nigella 
elata, L. ; fig. 7 8, longitudinal section of the same petal ; 
fig. 79, a petal of Nigella sativa, L., seen from above; 
fig. 80, view of the same petal after the removal of the 
lid-shaped excrescence.) Each petal is here seen to be 
hollowed out into a kind of pit, into which nectar is 
secreted in abundance by the surrounding tissue. The 
part of the petal beyond the pit forms two curious 
divergent processes ; while the other, or basal part, is 
reduced to a mere stalk, so that the whole petal comes 
to have somewhat the shape of a spoon. At the point 
where the handle is continuous with the bowl, the 
petal gives off an excrescence which covers in thj 
whole nectar- cavity like a lid, closing it completely. 
No animal, therefore, can possibly rifle the nectar 
unless it be strong enough to lift up this lid. I have 
seen ants that had crept up from below striving in vain 
to make their way into the cavity. Our common honey- 
bees, on the other hand, can raise the lid with perfect 
ease. But then these bees are also of such a size that, 
in visiting the flowers and making their way to the 
closed nectaries, they must inevitably rub against the 
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stigmas that lie just above, and in due succession 
against the anthers. 

Very frequently again it is the andrcecium, or some 
part of it, that roofs in the nectariferous base of the 
corolla, and thus contributes to the formation of a 
closed cavity, inaccessible excepting to animals of a 
certain strength. The parts concerned may be either 
the anthers, which are then longer and closely approxi- 
mated, so as to form a hollow cone, the apex of which 
points outwards ; or the filaments, which are then thick 
and often dilated into laminar expansions ; or, thirdly 
and lastly, the entire stamens, which are then set in 
numerous successive rows, overlapping each other. 

Familiar instances of the first of these three methods 
are furnished by Eamondia, Cyclamen, Dodecatheon, as 
also by many Solanaceae, Asperifoliae, and Ericaceae. 

Of the second, where it is the filaments that roof in 
the cavity, we have examples in Hemerocallis and Gla- 
(Jiolus, with their large nectaries. The usual plan is for 
the filaments to have their bases flattened out into 
laminae ; as, for instance, in the genera Campanula 
and Phyteuma, in Nicandra physaloides and Epilohium 
angustifolium, which last is represented at Plate 111. 
fig. 86 (longitudinal section of flower). The filaments 
are somewhat expanded at the base, and are in close 
lateral contact with each other, while their upper and 
narrower parts bend over in a body until they join the 
style ; thus they form a hollow cone which domes in 
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the nectariferous annular disk at the base of the flower. 
Precisely similar is the structure of the nectar-cavity 
in Campanula per sicifolia, C. pijramidalis, C. carpatica 
C. spicata, G. trachelium, C. rapunculoides, and G. bar- 
bata, of which last I have given drawings (Plate III. 
fig. 88, longitudinal section of flower ; fig. 89, a single 
stamen, from the side turned towards the style). Here 
again the filaments are much dilated towards their 
base, and usually at the same time much bent, and 
converted into scaly lamellae, which are concave on 
the inner side so as to form an arch over the nectari- 
ferous disk. As a rule, these dilated filaments are in 
close contact with each other, and tolerably firmly set ; 
so that an insect must have some strength to pusli 
them apart. Moreover, their margins are often set 
with trichomes, whereby the cavity is closed with still 
greater security.^ 

The third mode of completely closing in the nectar- 
cavity by means of the andrcecium is the crowding 
together of the stamens. This occurs in very many 
Mesembryanthacece and Cactacese, especially in Opuntia 
and Mamillaria, and also in some Eosacese and Amyg- 
dalese (Dryas, Potentilla, Geum, Persica). In Mamil- 

1 There are some Campanulaceee, however, e.g. Campanula 
patula, where the vault formed over the nectariferous disk by the 
dilated parts of the filaments is not completely closed. The fila- 
ments are not in actual contact with each other laterally, but are 
separated by chinks. These, however, are invariably guarded by a 
thick investment of trichomes. 
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larm glochidiata, the flower of which is shown in 
longitudinal section in Plate III. fig. 87, numerous 
stamens emerge from the upper margin of the tubular 
and nectariferous portion of the flower. The filaments 
of these stamens lie closely packed together, whorl upon 
whorl, and half way up bend inwards in a body so as 
to form a regular dome, which allows the style to pass 
through its centre, but elsewhere can only be pene- 
trated with difficulty. A similar formation may be 
seen in Potentilla micrantha Ram., the flower of which 
plant is represented in Plate III. fig. 90 in longitudinal 
section. The filaments, however, which are given off 
from the upper margin of the basin-shaped nectariferous 
space form in this case only a single row ; they run 
moreover in a straight line, and are in close contact 
laterally. The stigmas also do not project above the 
dome formed by the filaments, and the closure of the 
opening above is effected by the closely packed anthers. 
^ This occlusion of the nectar-cavity by the crowding 
together of the stamens is brought about in a very 
peculiar manner in the white ranunculuses of the Alps. 
I select as an example Ranunculus glacialis (Plate 1. 
fig. 21, longitudinal section of the whole flower; fig. 
22, a single petal seen from above ; fig. 23, a longi- 
tudinal section of such a petal seen from the side). 
The nectar is here secreted in a little pit on the upper 
surface of the petals, just above the point where the 
roundish lamina passes into the tolerably thick claw. 
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In front of this nectar-pit is a scale-like excrescence, 
which is given off from the lamina at an angle of from 
40 to 50 degrees. The stamens, which radiate in great 
number from the centre of the ilower, and form several 
closely superposed whorls, lie immediately above tliese 
scales, the filaments being in direct contact with their 
margins. Thus a small closed nectar- cavity is formed 
at the base of each petal ; and this is only accessible to 
such insects as arc strong enough either to lift up the 
obstructing filaments or to push down the scale. 

In this species, then, instead of a single nectar- 
cavity, there are as many cavities as there are petals. 
In many other Eaniinculacea?, c.g., in some large- 
flowered species of Clematis and Atragene, the number 
of closed nectar-cavities is still greater ; and there are 
actually almost as many of them as there are stamens. In 
Atragene alpma L., for example (Plate I. fig. 14, longi- 
tudinal section of flower, natural size ; fig. 15, a single 
anther — twice natural size ; fig. IG, a group of anthers, | 
placed one behind the other, and covering each other — 
twice size of nature), the filaments are somewhat 
dilated in their lower half ; and each petaloid dilata- 
tion is hollowed out on the side turned towards the 
gyntecium into a groove in which nectar is secreted. 
Now there are numerous whorls of stamens ; and as 
the hinder whorls successively cover in those in front 
of them, and are closely applied to their posterior sur- 
faces, and as, moreover, the whole mass of stamens is 
I 
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held together by an external whorl of upright rigid spoon- 
shaped petals, the grooves at the base of the filaments 
are converted into so many small closed nectar-cavities, 
which are utterly inaccessible to the weaker insects, 
and can only be forced open by strong humble-bees, who 
thrust the closely packed stamens asunder. 

Thus far it has been some part either of the perianth 
or of the androecium that has completely closed up the 
nectar-cavity. The occlusion may, however, also be 
effected by the gynjecium. In such cases the usual 
arrangement is that the ovary plugs up the tubular 
or funnel-shaped part of the perianth above the nec- 
tariferous space. In Phygelius capensis} for instance, 
the extraordinarily abundant nectar that fills the gib- 
bous base of the tubular corolla is completely shut in by 
the contorted ovary, which comes into close contact with 
the inner surface of the corolla-tube above the nectar- 
cavity. (Plate 11. fig. .53, longitudinal section of flower.) 
^Tn Tricyrtes pilosa (Plate 11. fig. 45, longitudinal section 
of flower) the three outer perianth-leaves have similar 
gibbosities, full of nectar, at their base ; but above this 
they are in close contact with the large triangular ovary. 
Thus the ovary looks like a plug, stuck into the lower 

1 It is worth mentioning here that very many plants of the Cape 
flora are characterised by a remarkably abundant secretion of 
nectar. The flora of any other region might be searched in vain to 
find such copious nectar as that of Phygelim CapeTisis, of many 
Mesembryanthaceae and Amaryllidacese, and especially of Melianthus. 
It is highly probable that this abundant nectar in the Cape flowers 
is rifled chiefly by honey-birds. 
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part of the perianth, and completely closes up the three 
nectar-pits at the bottom of the flower. None but 
strong insects, — insects therefore of such a size that 
they must, in getting to the nectar-cavity, rub first 
against the stigmas and then against the pollen (which 
is exposed in the extrorse anthers that project above 
and in front of the gibbous periantli), — are able to 
separate the stiff perianth- leaves from the ovary, and 
to insert their proboscis into the nectar-pits. In Sedum 
maximum again it is the thick carpels that over- arch 
the small nectaries at the base of the petals, and that 
protect the nectar which these secrete. Lastly, a pre- 
cisely similar arrangement occurs in the genus 
Hypecoum. In Hypecoum procumhcns (Plate 11. fig. 
66, the whole flower ; fig. 65, one of the inner petals 
seen from the side turned towards the ovary) the 
nectar is secreted in a little depression just above the 
claw of each of the two inner petals. Immediately 
above this depression the petal gives off a very] 
peculiar appendage, just as in Ranunculus ghcialis, 
on which pollen is deposited above.^ Not only when 
the flower is closed, but also when it is expanded, 
which in fine weather is the case from eight A.M. 
to five P.M., these two appendages run parallel to 
the ovary, in contact with, and, as it were, embracing 

1 The part played by these structures in the fecundation of the 
stigma, and especially in the autogamic fecundation which occurs 
when the flower remains closed, cannot be described here in 
detail. 
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it. The base of the ovary therefore which they thus 
grasp completely occludes the two nectar-pits. Here 
again an insect, if it would get at the nectar, must force 
the two appendages from their contact with the ovary. 

Another and similar case is that of O^phelia Wilforclii 
Kern. In this flower the nectar is secreted in an 
appendage, situated above the base of the petal and 
hollowed out into a kind of groove. The anterior 
and narrower part of this groove is closed in by its 
margins being elevated into ridges which converge 
above it, these margins being moreover set with short 
interdigitating fringes ; the posterior part of the nec- 
tar-groove, just above the claw of the petal, is not 
covered in by a similar formation, but has its edges in 
close contact with the ovary. Insects therefore that 
would reach the nectar must first separate the petals 
from the ovary by force. 

The closure of the cavity in which the nectar is 
fsecreted or stored is sometimes effected by the stigma, 
but not nearly so frequently as by the ovary. In such 
cases the stigma is of considerable size, and is flattened 
out so as to cover in the tube of the perianth like a lid. 
The finest examples of this kind of stigma are fur- 
nished by the group of gentians known as Cyclostigma, 
a group represented in our Alps by G. pumila, im- 
hricata^ verna, cestiva, havarica^ utrimlosa, and nivalis. 
(Plate I. fig. 37 shows a flower of G. havarica L. seen 
from above; and fig. 36 gives a lateral view of its 
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stigma.) An insect that wishes to suck the nectar at 
the bottom of the tube must insert its proboscis by the 
margin of the stigma, and to do this must push away 
the folded corolla, by which the stigma is closely en- 
circled ; a task which is quite beyond the power of 
any but strong insects.^ 

We come now to the second group of formations 
mentioned at the beginning of this section, that, namely, 
in which the passage that leads to the nectar is not 
completely closed, but merely constricted — ^the con- 
striction being effected by curvatures, swellings, dila- 
tations, and aggregations of various parts. 

There are two ways in which such constrictions 
benefit flowers. Either they completely exclude all 
such nectar-hunting animals as owing to their small 
dimensions would otherwise get at the honey without 
fecundating the stigma wdth pollen brought from other 
flowers, in which case they prevent an unprofitable 


1 [There are, it may be noticed, some flowers where the nectar is 
perfectly accessible to insects, though they will in getting at it 
touch neither stigma nor anthers. Such, e.g., is the case with Marc- 
graavia nepenthoides as described by Belt (Nicaragua, p. 129). 
There are even plants, as the palosandre {ib. p. 130), where the 
nectar is accessible to very small insects, while larger ones arc 
shut out. But in these cases the insects, though they touch 
neither anther nor stigma, indirectly conduce to allogamy. For 
as they are attracted by the nectar, so in their turn they attract 
humming-birds, which feed on them j and these birds act as the 
immediate agents of cross-fertilisation. The larger insects are 
excluded from the palosandre,, as the consumption by them of the 
honey would be a waste, since it is only small insects that furnish 
food to humming-birds. — Editok.] 
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expenditure of the nectar; or they compel those 
visitors whose size is suited to the mechanism of the 
flower, and who would therefore conduce to allogamy, 
to make their entrance in the exact way by which this 
advantageous result can be insured. The formations 
in question may therefore in this latter case be classed 
with those thorns and hair-like trichomes, which we 
designated as " path-pointers ” in the two last chapters. 

In this constriction of the passage which leads to 
the nectar we find again the same variety as to the 
methods employed as when the nectar-cavity is closed 
completely. Sometimes it is effected by tubercles, 
gibbosities, and various deformations of the perianth, 
or of excrescences of the perianth ; sometimes by the 
crowding together of some or other of the floral organs ; 
sometimes by the interposition of stout ovaries ; some- 
times by the thickening and dilatation of the filaments. 

One method which repeatedly recurs, and of which 
\^arcissus juncifolius (Plate II. fig. 57, longitudinal 
section of flower) and CEnothera gmmdijiora (Plate II. 
fig. 51, longitudinal section of flower) may be selected 
as examples, is the contraction of the lower part 
of the perianth to one or more narrow channels. 
These however, though narrow, are yet wide enough 
to allow large insects to pass their long thin trunks 
down to the nectary, while smaller insects with 
shorter proboscis are completely excluded. In one 
of the two flowers selected as examples {Narcissus 
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juncifolius), the channel is formed by the perianth ; in 
the other {(Enotliera grandifiora) by the calyx ; while in 
Euphrasia longifiora, Fedia grnciliji(yra, Cnicianella 
gilanica, Primula longiflora, Pcdicularis tubiflora, As- 
perula longijlora, and many other flowers, it is the 
corolla Vhich serves the purpose, being reduced in its 
lower part to a long straight tube of such narrow 
dimensions as often to be impervious to a proboscis of 
more than 0*2 to 0*3 mm. in diameter. In all the 
above instances, the leaves, out of which the tube is 
ideally composed, are coherent. But in Matthiola 
varia DC. (Plate II. fig. 63) the tubular channel is 
formed by petals which are not coherent but merely 
overlap, in combination with the sepals, which are stiff, 
erect, and closely apposed ; while the small hole which 
serves as mouth to the channel is made by the upper- 
most petal being rolled into the shape of a funnel. 

Frequently again it is by ridge-like processes of the 
perianth that the narrow passages are formed. In Lilium 
martagon, for instance (Plate II. fig. 42, a whole perianth 
leaf; fig. 43, transverse section of a perianth leaf), the nec- 
taries run down the centre of the perianth- leaves, and are 
each enclosed by a pair of raised borders, which incline 
towards each other, meet, and form a very narrow canal 
in which the nectar is completely hidden, and which is 
only accessible to a thin proboscis. Ridge-like pro- 
cesses are found also on the petals of Linum vucosum 
and Linum catharticum, and of many species of Gera- 
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nium, e.g,, Geranium Robertianum. Here there is a 
single ridge on each petal. These ridges jnt out to- 
wards the centrally-placed ovary with its surround- 
ing stamens, and are closely pressed against it like 
so many buttresses. This results, as shown in the 
transverse section of a flower of this species (Plate II. 
fig. G2), in the formation of five narrow passages 
leading directly to the nectar, which is secreted by the 
base of the filaments at the bottom of the flower. 

In many cases the self-same saccular pouch of the 
perianth that secretes or stores the nectar is also so 
developed as to constitute the narrow passage. The so- 
called spurs which are found in the most widely separated 
families, sometimes on the calyx, as in Tropceolum, 
sometimes on the perianth, as in Platanthera, some- 
times on the corolla, as in Epimediim macranthum, 
are for the most part of this character. Gymnadenia 
odoratissima, of which a representation is given at 
Iplate II. fig. 54 (longitudinal section of flower), may be 
quoted as an example. Frequently again these nectari- 
ferous pouches are twisted in a spiral manner. This 
makes them still more inaccessible to the smaller insects, 
while it does not interfere in the very least degree with 
such as have a proboscis that can be coiled up. Such, 
for instance, is the case in Aquilegia and Aconitum (Plate 
II. fig. 44, petal of Aconitum paniculatum), where the 
limb of the petal is deeply saccate, and the resulting 
pouch rolled back in a spire. Another and analogous 
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plan, by wbicli the perianth is made to serve the same 
purpose as when provided with these straight and 
twisted passages and spurs, is its constriction at some 
or other spot, Tliis may be seen in many Asperifolia^ 
and Primulacepo, for instance in the several species of 
Androsacese, where it is the corolla that is thus con- 
stricted, (Plate II. fig. 4G, longitudinal section of 
flower of Andromcc, glacialis.) 

In the same category must be classed the swellings 
and tubercles that occur in such variety on the perianth, 
round about the entrance to the nectary. These pre- 
sent such an endless multiformity that it is impossible 
here to give an exhaustive account of them. And this 
so much the more, as the attempt to describe them 
would in each case involve a detailed consideration of 
other correlated structures in the flower. I shall there- 
fore merely select a couple of typical cases out of the 
vast mass of material, cases which I have attempted to 
illustrate by drawings ; and even in dealing with thest| 
I shall limit my remarks to the form and significance 
of the tubercles and swellings, without discussing any 
other structural arrangements which may be correlated 
with them. 

One of the simplest arrangements is that of which 
Nigritella angustifolia may serve as an example (Plate II. 
fig. 48, front view of flower ; fig. 47, longitudinal section 
of flower, in which the tips of the perianth were deficient). 
The nectar is here secreted by a saccular pouch of the 
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labellum. The entrance to this, in itself far from wide, 
is still further narrowed, and this considerably, by a 
swelling at the mouth of the pouch. This swelling or 
fold forms an oblique bar at the back part of the 
labellum, itself narrowed into a funnel, and reduces the 
diameter of the entrance to half a millimetre. This 
effectually prevents most wingless insects from creeping 
in and getting at the nectar ; and even amongst flying 
insects only such are apparently adapted to the flower as 
have a thin suctorial trunk, in using which they would 
unavoidably carry off the adhesive pollinia, and forthwith 
transport them in their roving flight to other flowers. 

In the various species of Galeopsis the corolla pre- 
sents two projections at its mouth. I have tried to 
give a representation of these in Plate IL, fig. 56 
{Galeopsis grandiflora). The corolla-tube is 23 mm. 
in length, and in its lower half is not more than 
2-3 mm. in width ; but the upper half widens 
|)ut and forms a funnel, which is pretty nearly 4 mm. 
in diameter at its anterior opening, that is at the 
throat of the corolla. The width of the mouth of 
the corolla on the other hand, that is the distance 
which separates the margin of the upper lip, and there- 
fore the anthers and stigma which it conceals, from 
the flat median portion of the lower lip, is no more 
than 2 '5 mm. If then the corolla were made of very 
firm tissue it would be impossible for a humble-bee, 
on visiting the flower, to thrust its head and thorax, 
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which is from 8 to 10 mm. in thickness, between the 
upper and lower lips into the wider throat, and thence 
pass its trunk down the remaining narrow part of the 
tube to the nectar. But the limb of the corolla admits 
a considerable amount of dilatation when vigorously 
pushed. For its junction with the tube is marked 
above by a transverse bulging line, which forms the 
axis of a joint on which the upper lip can move up and 
down. No sooner does a humble-bee thrust its head 
in at the mouth of the flower than the upper lip is 
raised like a lid, and with it of course the underlying 
elastic and flexible filaments, as also the style. Conse- 
quently the humble-bee comes unavoidably into suc- 
cessive contact with the stigma and the pollen, 
which is stored up in the protected anthers. As to 
the smaller flying insects, all such as are not more 
than 2*5 in thickness, can steal in at the centre 
of the outer opening, make their way thence to the 
funnel-shaped expansion of the tube, and, finding there 
no “weel” nor similar obstacle to stop them, can 
carry off the nectar from the lower and narrower part 
of the tube; and all this without any necessity of 
raising the upper lip, an act which would indeed be 
beyond their strength. If, however, its body be but 
2*5 mm. in thickness, the insect is large enough, 
supposing only that it makes its entrance by pass- 
ing over the middle lobe of the lower lip, to rub 
against stigma and anthers, and thus, as it flies from 
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flower to flower, to promote intercrossing. Should 
it, however, not pass in by the mid-lobe, but make 
its approach from the side, it will be under the 
necessity of crossing over one of the two hollow peg- 
shaped projections which are developed on the lower 
lip ; or possibly as these hollow projections — which 
have given the plant in Germany the name of Hohl- 
zahn — form fair landing-places, the insect may alight 
directly upon one of them, and then pass down by 
its hinder slope into the recesses of the flower. But 
as the apex of each of these projections is not more 
than 2 '5 mm. distant from the anthers and the stigma, 
insects of this thickness, in climbing over them, will 
rub against the stigma and the pollen. Suppose, how- 
ever, that there were no hollow projections; suppose 
that in place of them there were actual furrows, as there 
are in the same position in so many other Labiatse. 
The distance between the anthers and the spot where 
,^the projections stood would now be not merely 2‘5 
mm. but 4 mm. or more. Small insects, therefore, with 
a body not more than 2 '5 mm. in thickness could reach 
the tube and carry off the nectar, without ever touching 
the pollen, without therefore conducing to allogamy, or 
repaying to the plant the price of its honey. 

Another very striking instance of a corolla contracted 
by tubercles is furnished by the flowers of Scutellaria. 
In Scutellaria alb Ida L. (Plate II. fig. 58, longitudinal 
section of corolla; fig. 59, central view, lower lip re- 
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moved, magnified 5 times), each of the two lateral petals 
presents a large bulge at the mouth of the tube. These 
bulges have their convexities turned towards the centre of 
the aperture, which they block up to such an extent tliat 
a small hole, scarcely 2 mm. in width, is all that is left 
between them. Insects, however, in entering into the 
flower, push these two bulges asunder ; and the conse- 
quence is that the loose pollen which lias been dis- 
charged from the anthers under the upper lip, and has 
been deposited on the cushion-like upper surface of the 
arched bulgings, is displaced from this position, and 
showered down on the back of the insect. The insect 
in its further roving soon carries it to some other 
flower. Supposing these bulges not to exist, no insect 
would rub against the pollen, unless that part of its 
body which has to be introduced into the tube were at 
least 4 mm. in thickness ; but as it is, insects of only 
half these dimensions can push apart the two bulgings, 
and in so doing will get besprinkled with pollen, and will^ 
therefore be just as useful as larger insects in promot- 
ing intercrossing. Such is the arrangement in Scutel- 
laria. In Ehinanthus and Bartsia the entrance seems 
to be narrowed in another way, namely, by the three 
petals that form the lower lip retaining in the flower 
the same involuted position they had in the bud, 
and thus barricading the entrance in its lower part. 
In Calceolaria (Plate II. fig. 52, lateral view of a 
flower of Calceolaria Pavonii Benth.) the whole lower 
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lip is rolled inwards in a spiral of more than a circle, 
and by the cohesion and sacculation of its parts is 
converted into a pouch, the so-called “ calceolus,” or 
slipper. The tongue-like extremity of the lip is con- 
cealed inside this pouch, and on it is a small depres- 
sion which secretes nectar. The entrance to the pouch 
is rendered so tortuous by the very peculiar curvature 
of the lip, that it becomes simply impossible to most 
insects to get at the nectar. Strong and heavy 
humble-bees alone can rifle it ; and even they accom- 
plish this, not by making their way into the pouch, but 
by fixing themselves on the upper external surface of 
the "calceolus.” The impulse given by the weight 
of their bodies makes the lower lip descend, producing 
a downward motion like that of a lower jaw ; this 
motion being regulated by a pair of strong elastic 
bands, that extend from the pouch to the base of the 
corolla. The tongue-like nectary, already described, of 
^course accompanies the pouch, of which it forms the 
extremity, in this semi-circular gyration ; and though 
it was hitherto concealed inside the pouch immediately 
below the narrow entrance, is now exposed at the 
opening, and becomes readily accessible to the bee. 
The humble-bees, however, cannot take advantage of 
this without coming into contact with stigma and 
pollen in due succession, and thus promoting inter- 
crossing among these proterogynous flowers. Insects 
that are without the requisite size or strength or 
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weight to produce the necessary motion of the cal- 
ceolus, and that therefore would touch neither stigma 
nor pollen, have no possible means of getting to the 
nectar. 

In aU these cases it is by curvature of the 
perianth, or of its appendages, that the narrowing of 
the passage leading to the nectary is effected. There 
are, however, many other cases where the same result 
is obtained by special developments of the andrce- 
cium ; and among them are some where the result- 
ing forms are of extreme elegance. Such, for in- 
stance, are those where the filaments, thickened, or 
expanded into a petaloid condition, and adherent to 
the inner surface of the perianth, send out processes 
which jut into the central space of the tube, and parti- 
tion it out into a number of precisely similar passages. 
These passages, which are usually five or six in num- 
ber, stand in a circle round the central ovary; so 
that a transverse section of the flower gives the im- ' 
pression of a five-barrelled revolver. Such passages' 
are, as a rule, very narrow, and allow nothing thicker 
than a proboscis to penetrate to the nectar, to which 
they lead. But it is only insects that have this 
proboscis that are welcome guests to these “ revolver- 
flowers ; ” for they alone are of such suitable size and 
weight as to repay their share in the feast by pro- 
moting allogamy. Other insects, whose visits would 
confer no such advantage, are shut out from the nectar 
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by the length and narrowness of the passages by which 
alone it can be approached. This “ revolver ” forma- 
tion is specially observable in sundry Gentianeae, as also 
in many species of Convolvulus (G. siculus, C. tricolor, 
G. arvensis, G. sepitim, etc.). The plant, however, 
which I have selected for illustration is Aphyllanthes 
monspcliensis (Plate II. fig. 55, transverse section of 
upper part of flower). Here the six stout broad filaments 
are internally in close apposition to the central style, 
while externally they are adherent to ridge- like 
processes given off from the mid-rib of each of the six 
free but overlapping petals. I have also given draw- 
ings from another plant, Ocntiana firma Neilr. var. 
(Plate II. fig. 61), to illustrate the same kind of 
formation. Here there are five dilated filaments, 
closely apposed to the five sides of the central 
ovary. The petals cohere so as to form a tubular 
corolla, but at the points of coherence their commis- 
t'sures form ridges, which project internally and are 
'adherent to the filaments. Similar arrangements, 
though without the same regularity and elegance, 
are also common in Caryophyllaceae and Cruciferae ; 
for in many plants from these orders the long thin claws 
of the petals, together with the filaments, so completely 
fiU up the space between the ovary and the firm upright 
closely approximated sepals, that only very narrow 
passages are left, which though they lead to the nectar 
are yet quite impenetrable by unbidden guests. 
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Drop-bar Arrangement, 

A very peculiar arrangement, which must here be 
noticed, is found in the flowers of Chelone and Penta- 
stemon, and may not inappropriately be called the 
“drop-bar arrangement.”^ The Pentastemon gentian- 
oides, so widely diffused as an ornamental plant, will 
serve as an example.' (Plate 1. fig. 34, longitudinal 
section ; fig. 35, transverse section near base of flower.) 
The nectar in this flower is very abundant, and is secreted 
by the basal parts of the two shorter stamens, which 
are inserted on the corolla to the right and left re- 
spectively of the ovary. The nectar is secreted on the 
outer side of the stamens, that is on the side turned 
from the ovary and towards the corolla, and com- 
pletely fills up the pouch-like s])aces wliich lie between 
the latter and the secreting surfaces. It is impos- 
sible for the nectar to trickle out from these lateral 
spaces in a downward direction, because the dilated 
stamens are in close apposition with the inner surface^ 
of the corolla by their lower edges. But, on the other, 
hand, there is a free communication between the two 
lateral pouches and the space above the ovary; and, 
as a matter of fact, this upper space, which is 3 mm, 
in width, and over-arched by the corolla, is invari- 

1 [1 know of no English equivalent for the German Schlagbaum^ 
and have therefore invented the term drop-bar. By it is meant 
an arrangement in eommon use in Germany as a barrier or toll-bar ; 
consisting of a horizontal bar attached by one end to an upright, 
and moveable on that end up and down in a vertical direction. — 
Editor.] 

K 
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ably found full of nectar so long as the flower is in 
blossom. As the bell-shaped flower is 11-16 mm. 
wide at the mouth, and as the anthers and stigma 
are closely apposed to the upper wall of the corolla, 
insects of all varieties of size, with bodies of from 1-10 
mm. in thickness, can make their entrance, and, for 
all that has yet been mentioned, might carry off the 
nectar from the above-described space without neces- 
sarily touching the stigma and anthers ; but the nectar 
is admirably protected against all such guests by 
means of the fifth and uppermost stamen, which is 
inserted upon the corolla about 6-7 mm. from the 
bottom. This is converted into a “drop-bar,” and 
has its thickened and dilated base placed imme- 
diately in front of tlie nectar-cavity, covering the 
opening so completely that only a small fissure, scarcely 
1 mm. in width, is left open on either side. This bar 
runs obliquely across the flower, crossing therefore the 
base of the other filaments and the style, and fixes 
its free end, which is thickened but forms no pollen, 
against the lower wall of the corolla, like a buttress. 
By this arrangement insects of sufficient size to be 
brought, when visiting the flower, into due contact with 
stigma and pollen are allowed to get at the nectar, 
inasmuch as they can insert their trunk into the narrow 
orifices on either side of the bar, while smaller and 
therefore unwelcome visitors are completely shut out. 

In many cases the ovary and the filaments, which 
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cling round the ovary in a compact body, so com- 
pletely fill up the whole space within the perianth, 
that no opening is left except a very narrow passage, 
frequently merely a tiny liole or a minute fissure. 
Through such openings invited guests can introduce 
their proboscis, while unbidden ones are completely 
excluded from the nectar. Such an arrangement is 
found in very many Legiiminosm (Trifolium, Lotus, 
Anthyllis, Hippocrepis, Onobrychis, Medicago, etc.), 
where there is merely a small triangular aperture 
on the right and left of the upper filament near the 
bottom of the flower (Plate I. fig. 33, Hippocrepis 
comosa, seen from above, after removing the standard). 
Such again in the genus Viola, consisting of flowers 
too well known to require further description ; such 
also in the magnificent large-flowered species of 
Amaryllis. The structure of the ’ latter, so far as 
we are at present interested, will be understood 
by reference to the drawings of Amaryllis hella- 
donm, which I have selected for illustration (Plate 
I. fig. 39, transverse section of flower; fig. 38, longi- 
tudinal section through nectary). The perianth of 
'this flower, not far above its base, gives off an 
outgrowth, which in shape of a broad band encloses 
the bundle formed by the style and the six tliick 
and closely approximated filaments. Only at one 
point, on the upper surface of the bundle, does this 
outgrowth, that elsewhere is in closest contact with 
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the bundle, form a fold. This fold encircles a narrow 
passage, having an external orifice no more than 
0-8-T0 mm. in diameter, and communicating inter- 
nally with a cavity, 7 mm. in length by 6 mm. in 
width, placed behind the outgrowth. This cavity 
contains abundant nectar, secreted by a disk that 
surrounds the base of the style ; and into it large 
Hying insects can readily introduce their proboscis 
through the above-mentioned narrow passage, while 
no access is possible to small, and therefore unprofit- 
able, visitors. A very minute insect, less even than 
0'8 mm. in diameter, might, it is true, creep in through 
the passage ; but were it to do so, it would be drowned 
in the copious nectar, which completely fills the rela- 
tively large cavity. 

In many cases it is not the andrceciuni nor the 
corolla, but the calyx, the epicalyx, and the bracts, 
jthat by their contorted growth, by their dilatation, or 
,,by their being crowded together, protect the nectar 
from being unprofitably expended. In many Sileneae, 
for instance, the calyx is inflated to such an extent that 
the nectary comes to be farther off from the calyx than 
from the mouth of the corolla. It is thus rendered 
impossible for certain insects to get at the nectar by 
biting laterally through the perianth. It has long been 
known, and the fact is common enough in the flora of 
our country, that many Hymenoptera, and especially 
humble-bees, instead of making their entrance by the 
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mouth of the corolla, try to get at the nectar, which 
they smelP inside the flowers, by biting a hole through 
the leafy investments of the nectary and inserting their 
proboscis. This they are especially prone to do when 
the passage which leads to the nectar is not a perfectly 
open one, but is covered in by projecting parts that 
must be pushed aside before access can be obtained. 

1 I have already briefly alluded to the fact that it ia by smell 
that humble or other bees are attracted to the nectar. The clearest 
evidence of this is furnished by those cases where the bees, usually 
humble-bees, obtain the nectar in a manner prejudicial to the 
plant ; as occurs, for instance, with species of Aconitum, (Icntiana, 
Kbododendron, and Pedicularis ; flowers to which I shall have to 
come back in the final chapter. Not only the nectar, but the 
parts that secrete and store it, are (juite out of siglit of tlie humble- 
bees, even when they have settled on the flower ; and yet they 
proceed forthwith to bite a hole through the [jerianth at the precise 
spot which offers the shortest road to the nectar. The nectar of 
flowers, it is true, makes as a rule no impression on our olfactory 
nerves ; but this by no means excludes the possibility of its being 
perceptible to insects even at some distance. When Sphinx con- 
volvuli is seen flying with the rajiidity of an arrow to the flowers 
of Lonkera etrmca or Oaprifoliura, nay more, directing its flight 
towards them from a distance at which they must be quite out al 
its range of vision, it cannot be doubted that it is the perfume frotg 
the corolla, which even our olfactory nerves can recognise at some 
distance, that has furnished the attraction ; and we must draw 
the same inference when we see the same phenomena with flowers 
that contain nectar and yet are to our senses without scent and 
without attractive coloration. Place yourself near a hedge where 
the bees are swarming about the open flowers of Ampelopms 
hederacea, and you will soon be convinced of this. The observations 
to be recorded in the next section, respecting the flowers of 
certain Caryophyllaceae, render it, moreover, highly probable that 
the perceptibility of the nectar by certain insects is often subject 
to some condition of periodicity ; just; a® flowers 

whose corollas develop a perfume perceptible to our own olfactory 
nerves only at certain fixed hours in the day. 
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This kind of visit, however, in which a hole is gnawed 
and the nectar sucked out laterally, would of course be 
a most unwelcome one to the flower, which would lose 
all the advantages of cross-fertilisation, as a reward for 
which it offered its nectar. But let the calyx be in- 
flated merely to such a degree that its wall shall lie at 
a greater distance from the nectary than can be 
traversed by the proboscis of a humble-bee, and all 
danger of this injurious mode of access will be avoided, 
and the bee compelled to avail itself of the natural 
entrance, at the margins of which are placed the anthers 
and the stigmas.^ 

The same result as is obtained in the foregoing 
instance by tlie inflation of the calyx into a bladder-like 
form can also be arrived at in another way, namely, by 
the calyx, or the bracts that surround the flower, being 
formed of very tough tissue— so tough that it can with 
difficulty be gnawed into a hole even by a strong humble- 
bee. This, in the majority of cases, is the only interpre- 
tation to be found for those stiff hard calyxes and bracts, 
which are usually made of dry membranous tissue, but 
are sometimes so thickened as almost to resemble 

^ [This use of an enlarged calyx as presenting an additional im- 
pediment to lateral gnawing -was, to the best of my belief, first 
suggested by myself {Pojk Sc. Review, 1870, pp. 4*7 and 168). 
According, however, to H. Muller, the flower which I instanced, 
viz., Pedicularis, is not one to which this explanation applies. A 
further use to which an inflated calyx is at times subservient has 
been pointed out by F. Hildebrand (Verbreit. der Pflanzen. s. 64.) 
It aids in the dispersal of the seeds. — Editor.] 
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cartilage. The Dianthus p'olifcr, of which I give 
drawings (Plate HI. fig. 114, a single flower; fig. 113, 
a complete inflorescence), will servo as an example of 
this tolerably extensive class of protective appliances. 
In this flower the perianth (calyx as well as corolla) is 
made of a very delicate tissue, and is not protected exter- 
nally either by viscidity or by hair- like structures. 
The nectar, moreover, in the recesses of the flower 
is at such a very short distance from the thin calyx, 
that it could be easily got at by gnawing laterally 
through the perianth. This unprofitable expenditure 
is, however, prevented by the arrangement and 
character of the bracts. These are formed of a dry 
membrane, almost like parchment, and closely in- 
vest the fascicled flower-heads up to the very mouths 
of the individual flowers ; and so tough are they, that 
humble-bees or ants might work away for ever 
with their jaws, and yet make no impression upon 
them. 

That the crowding together of foliar organs would 
also act as an impediment, and stop insects from thus 
gnawing holes in the side of the perianth, is self-evi- 
dent ; and I am therefore inclined to believe, that the 
development of an epicalyx may be subservient to this 
among other uses. In many cases the nectar has no 
fewer than four foliaceous strata to protect it laterally, 
namely, the corolla, the calyx, the epicalyx, and the 
bract ; so that it becomes excessively difficult, if not 
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absolutely impossible, for an insect to bite out a hole 
and so get at the honey from the side. 

This section has been mainly devoted to the consi- 
deration of cases where the protection is furnished by 
parts of the flower, and where the animals, from which 
the nectar is to be protected, are flying ones. But before 
bringing the section to an end, I may notice that the 
leaves also often act in the same way, by curvature, 
dilatation, crowding together ; the insects, however, thus 
excluded from the nectar being creeping ones. The 
leaves that effect this present much variety in their 
form and their aggregation. First to be mentioned in this 
relation are those leaves that embrace the stem all round, 
and form a kind of collar about it. In some plants, 
e.g. in Melianthus, the collar is formed by the stipules ; 
in others {BiqiUumm rotundifoliuni, Smyniium perfoli- 
atum., Lepidiinn perfoliatum) by the lamince of alternat- 
ing leaves ; but most frequently of all by the cohesion 
of opposite leaves, as in numerous Gentianeje and Capri- 
foliaceai.^ All such leaves are somewhat curved towards 
their margin, and the curvature is such that the convex 
surface is turned upwards, while the smooth margin is 
more or less bent downwards. I have assured myself 
not only by observation but by experiment that wing- 

^ [I have found Chlora perfoliata a capital plant on which to 
experimentalise with ants. When placed on the slippery glaucous 
leaves of this plant the ants invariably fall off, tumbling down the 
“ couloir ” at the connate bases, which I suspect is formed with this 
special purpose. — E ditor.] 
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less insects, and notably ants, find it impossible to 
mount upwards over such leaves as these. The little 
creatures run up the stem, and may even not unfrequently 
traverse the under surface of the leaves, if not too 
smooth ; but the reflexed arid slippery margin is more 
than the best climbers among them can get over, and if 
they attempt it they invariably fall to the ground. 
There is no necessity for the lamina of the leaf to be 
very broad ; even narrow leaves, as for instance those 
of Gentiana firma Neilr. var. (of which I have given a 
lateral view on Plate I. fig. 1 , and a transverse section 
in fig. 2), are enough for the purpose, supposing, of 
course, that the margin is bent backwards in the way 
described. 

The perianth-leaves also, when curved and bent in 
appropriate fashion, can act in the same manner, and 
repel the attempts of unbidden creepers to make their 
way into the recesses of the flower. I placed som^ 
small and by no means timid ants, of a kind (Lasiu^ 
niger) which under ordinary circumstances show them- 
selves to be capital climbers, on the flowers of Cyclamen 
europmim (Plate I. fig. 6). At first they tried to make 
their escape downwards by the peduncle ; but, as I had 
put the flower-stalk in water, they turned back and 
managed to re-cross the calyx and get back to the 
corolla. After some useless clambering about the 
reflexed tips of the petals, they at last reached their 
curved margins, and here all their skill was baffled, 
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and they fell inevitably either into the water or to the 
ground. 

But of all flowers none present such difficulty of 
access to small and wingless animals as do the pendulous. 
No ant, for instance, ever gets inside the hanging 
flowers of GalantJms nivalis (Plate I. fig. 5). I may 
therefore fairly infer that the nodding peduncles of small 
pendulous flowers, as also the drooping axes of twining 
plants, are developments that protect the nectar from 
the unprofitable visits of creeping insects and thus 
confer a benefit on the flowers. 


7. Temporary Suspension of the Fumtions of those Parts 
of the Flower whieh attract Insects. 

The majority of those plants whose flowers only 
(ipen after sunset have a very short flowering period, 
limited to a single night. A flower opens one evening, 
remains open far into the night, or, perhaps, till dawn, 
and then closes never to open again. Far rarer are 
the species in which each flower repeats this evening 
opening and this morning closure for several succes- 
sive days. One of the best- known examples is Hesperis 
tristis, a plant belonging to the Cruciferse; but the 
family which presents by far the largest proportion of 
species with flowers of this kind is the Caryophyllacese, 
and as examples I may cite certain Sileneie, which I 
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have made the subject of special investigation, viz., 
Silene pamdoxa L., 8. longi flora Ehrh., S. ciliata 
Poiirr., S. vallesia L., S. saxiflraga L., 8 Kitaihelii 
Vis., and 8. nidans. 

In all these plants each flower lasts, unless exposed 
to any unusual disturbance, three days and three nights. 
On the first day, when the perianth has opened late in 
the afternoon, the anthers of those five stamens which 
are opposite to the sepals come forward, so as to be 
visible at the mouth of the corolla between the claws 
of the petals, their loculi, however, being as yet closed. 
Their filaments now lengthen very rapidly, occupying 
from one to two hours in the process ; and by the time 
the sun has gone down and twilight set in, the five 
anthers on their straight stiff filaments are seen to stand 
more or less in advance of the aperture, the loculi to 
have opened, and the whole anther to be covered with, 
pollen. This condition lasts till the forenoon of t|je 
following, that is of the second, day. The stamens then 
bend outwards, and the anthers fall off or remain hang- 
ing like shrivelled empty bags at the end of the reflexed 
filaments. In the course of this afternoon the filaments 
of the five other stamens, those namely which are oppo- 
site to the petals, lengthen in their turn ; the still -closed 
anthers appear as before towards evening at the aperture, 
and again by dusk they are to be seen, opened and 
pollen-covered, projecting on their stiff straight fila- 
ments beyond the mouth of the corolla. On the third 
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day these stamens, like their predecessors, bend back - 
wards, and at the same time the anthers, as a rule, fall 
off ; and now, with the coming on of evening, the long 
S-shaped twisted silky stigmas, which hitherto were 
immature and hidden in the bottom of the flower, make 
their advance. 

With this lengthening and bending of the stamens 
and stigmas goes hand in hand the opening and shutting 
of the corolla. With the approach of dusk the bifid 
limbs of the petals spread out in a flat surface, and 
fall back against the calyx. In this position they 
remain through the night, and not till the following 
morning do tliey begin (more quickly in sunshine and 
with a mild temperature, more slowly with a cloudy 
sky and in cold wet weather) to curl themselves up 
in an incurved spire, while at tlie same time they form 
longitudinal creases, and look as though they were 
gathered in or wrinkled. Thus the mouth of the flower 
comes to be surrounded by five rolled- up bodies, which 
at a hasty glance would lead one to think that the 
flower was already faded ; but no sooner does evening 
return than the wrinkles disappear, the petals become 
smooth, uncurl themselves, and fall back against the 
calyx, and the corolla is again expanded. 

The coloration of all these Caryophyllacem is very 
peculiar. The inner surface of the petal is white, 
while the outer or under side is greenish, or of a dirty 
yellow or brownish tinge, or livid red, or almost ash- 
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grey ; in short, is invariably of some or other indefinite 
and inconspicuous colour. When therefore the petals 
are unfolded and their inner surface displayed, the 
white colour makes them very visible even in the twi- 
light; whereas in the daytime, when they are curled 
up, and their under side alone exposed to view, the 
dull tint makes them very inconspicuous, in spite of 
the fuller light, and conveys the impression of the 
flower being already withered and past, (Plate III. fig. 
115, flower of Silene riiUans at midnight; fig. 116, the 
same flower at midday.) 

In conclusion, one fact is still to be noticed, namely, 
that these Caryophyllacem are entirely without fragrance 
during the daytime, whilst in the evening, simultane- 
ously with the opening and spreading out of their 
petals, they begin to exhale an aromatic odour. The 
scent of Sikne longijlom is especially strong. Still 
more powerful Ls that of SiUne nutans, which reminds 
one strongly of the smell of hyacinths ; indeed so 
striking is this likeness that my children, who often 
came upon these flowers in their evening walks round 
my house at Trins, in the Gschnitz Valley, used to 
call them wild hyacinths. Some plants of Sile7i& nutam 
which I had put into pots and placed in my bedroom, in 
order to be able to observe them more conveniently at 
night, filled the room with such a strong and almost 
overpowering odour, that I was obliged to carry them 
into another adjoining room. This odour, which is 
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exhaled from eight o’clock in the evening till about 
three in the morning, together with the white colour 
of the petals, which is most striking in the dusk, 
attracts numerous insects that search for nectar 
in the evening or by night. Such of these insects 
as are wingless are altogether debarred from access 
by the viscid matter on the peduncles/ but flying 
insects are highly welcome, and to them the honey at 
the bottom of the flower is willingly offered in exchange 
for the cross-fertilisation to which they conduce. In 
the daytime it is quite otherwise. No insect, winged or 
not, is now welcome to the nectar. The filaments are at 
this time rolled back, and the anthers have fallen off, 
or, if still hanging to the filaments, are shrivelled and 
empty. There is now no pollen in the flowers to be 
rubbed off, and therefore there can be no fecundation of 
the stigma. Should the nectar therefore be consumed, 
it^would be expended in vain; and the flowers moreover 
would be at this further disadvantage, that when even- 
ing came on they would be nectarless, and therefore 
would remain unvisited. 

Now to prevent the nectar from being thus stolen 
without profit, and to jirote'ct the flowers from such 
insects as are active in the sunshine, no better means 
could be devised than those which are in fact adopted, 

* See pp. 60 , 61 . Hihm, nutans is also very remarkable on 
another account, namely, as producing tetramorphie flowers. This, 
however, is a point which I shall have an opportunity of dealing 
with elsewhere. 
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namely, that the organs which serve to attract insects 
shall suspend their activity for a time, or, in other 
words, that the function of attraction shall be in abey- 
ance throughout the day. This literally happens in 
the flowers of the above-named Caryophyllaceae, which, 
during the daytime, display only the dirty and incon- 
spicuous under-side of their petals, and exhale no per- 
fume. 

It is evident that this arrangement is not without 
its due result. For, as already remarked, these flowers 
are much frequented by such flying insects as are 
active in the evening and in the night, but remain 
entirely unnoticed and unvisited by the numerous 
species that buzz about in sunshine ! 


8. Diversion of Visitors from the Floiuer. 

Though we are doubtless justified in calling the 
substances discharged by glandular cells, or groups of 
cells, “ excretory matter,” yet this designation is only 
true in a certain sense, and must not be supposed 
to imply that the substances are of no use to the 
plants, and that after they are once discharged they 
possess no further functional significance. The obser- 
vations recorded in the preceding pages show with 
abundant sufficiency how important a part may be 
played by these so-called excretions ; and I would here 
only add the remark that even the oxalate of lime. 
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which is discharged in not a few species of plants, and 
especially in many of our Alpine saxifrages, from 
special organs on the edges of the leaves, is not with- 
out its functional significance. For the purposes how- 
ever of the present inquiry we are concerned with no 
other secretions than such as are resinous, mucilaginous, 
sweet, or saccharine. These terms, resinous, mucila- 
ginous, sweet, and saccharine, indefinite as they may 
sound, must nevertheless as yet be employed, inasmuch 
as they furnish the best basis for a division of these 
glandular bodies into groups ; and, so far as nomencla- 
ture is concerned, that division seems to me the most 
acceptable by which tlie glands tliat secrete resin, 
bassorin, and the mixture of mucilage and resin known 
as blastocol, are called coUeters, while those which 
discharge a sweet-tasting saccharine fluid are called 
nectaries. It may be accepted as a very general rule 
that the latter are developed within the flowers, the 
former on the leaves. But no rule is witliout excep- 
tion, and plants are not wanting which have nectaries 
on their leaves. The number of these plants appears, 
indeed, to be by no means large; at any rate, up to 
the present time few such cases are known ; but the 
possibility always remains that further investigations 
may discover many more. Those which have been 
longest known are : Yicia faha, Y. scpinnit and Y. sativa, 
Acacia longifolia, Primus avimn and P. laurocerams^ 
Gatalpa syringcefolia, hnpaticns tricomis, Ricmus, Yibur^ 
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num tinus, and V. opulus, and Clerodendron fragrans^ 
in all of which the leaves undoubtedly secrete nectar. 

In some of these, again, the secretion is produced by 
special groups of epidermal cells, placed on the under 
side of the leaf or stipules, and transformed into glan- 
dular tissue, as is the case, for instance, in Clerodendron, 
Prunus laurocerasus, and the above-mentioned species 
of Vicia; while in others the nectar is secreted by 
disk-shaped or knob-headed trichomes, which are found 
springing from the surface of the leaf or of the petiole, 
as is the case in Gatalpa, Viburnum opulus^ and Prunus 
armeniaca. 

In Impatiens tricornis the two small stipules of 
each leaf are entirely transformed into nectaries. One 
of these is very small and stunted ; the other, on the 
contrary, forms a fleshy disk, slightly convex above, 
and below shaped into a semi-globular protuberance, 
which is partly adherent to the base of the petiole^ 
partly to the epidermis of the stem, and lies trans- 
versely in front of the axil from which the flower-stalk 
springs. (See Plate III. fig. 117; also fig. 118, which 
represents a transverse section of such a transformed 
stipule.) The nectar secreted by the tissue of this 
fleshy disk collects in the form of a drop on the apex of 
the semi-globular breast-shaped swelling on the under 
side of the disk. Any insects that creep along the 
stem must, if they would get at the flower, of necessity 
pass over this disk with its drop of nectar; thus what 
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they would have sought, and moreover would have 
found, in the flower, is already offered them here in rich 
abundance. The creeping insects are not fastidious. 
Nectar in one place is the same to them as nectar in 
another. They are content with that which is first 
offered, and so do not trouble themselves to climb 
farther up to the flowers. In Impatmis iricornis the 
stipules are so frequented by Myrmica Iccvinodis Nyl. 
that I have often seen three of these ants upon a single 
stipule; and yet, though I have examined hundreds 
of plants of this species, and though its nectariferous 
flowers have no other protection whatsoever to keep 
out these little creatures, I have never seen a single 
ant inside a blossom. They would, indeed, be very un- 
welcome guests, inasmuch as they could reach the nec- 
tariferous spur without coming into contact with the 
pollen, or, at a later stage of the flowering, with the 
stigma. They would thus consume the nectar without 
profit, and not only so, but by diminishing the attrac- 
tion would limit and hinder the visits of those insects, 
which, being larger and coming on the wing, would in 
entering the flower necessarily come into due and suc- 
cessive contact with the pollen and the stigma. 

As with Irnpatiens tricornis, so is it with other plants 
where nectar is secreted on the leaves. Though these 
leaf- formations may present no mechanical hindrance 
nor offer any insurmountable barrier to small creeping 
ants, they yet serve to divert such visitors from the 
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flowers, and detain them from further advance. I do 
not therefore hesitate to interpret all nectar-glands that 
are found on leaves as means of protection against the 
unwelcome, because unprofitable, visits of creeping in- 
sects.^ 

^ [Kerner makes no mention here of nectar-glands found neither 
inside the flower nor on the leaves, but, as sometimes happens, on 
the calyx. Fritz Muller {Nature^ Nov. 29, 1877), doubts whether 
the calyx-glands of Malpighiaceoe serve to protect the flowers from 
crawlers. In one species, at any rate [BunchoHia gaudichaudiam), 
he has fovind that they serve the same purpose as nectaries inside 
a flower ; attracting bees, which in gnawing them get coated with 
pollen on their under surface. Mr. Darwin points out that a 
similar observation has been made by Mr. Farrer in respect of 
Coronilla. — Editor.] 
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CONCLUDING REMARKS. 

The foregoing pages will suffice to show that the 
relations between the forms of plants and those of 
animals that feed on them are far more multifarious 
than has hitherto been supposed ; and more especially 
that numerous formations which occur on the leaves and 
stem are far from being devoid of functional signifi- 
cance, inasmuch as through them flowers are protected 
against the disadvantageous assaults of certain animals. 
Where the attacking animals are wanting, there these 
defensive appliances are also, of course, meaningless. 
Such formations, therefore, are to be regarded as means 
of protection only when the plants are growing in their 
original habitat in the district, that is, where the species 
to which they belong has arisen. In any other situa- 
tion these developments may perhaps not serve as 
defences, nay they may be of direct disadvantage, or at 
any rate may be a mere superfluity extraneous to the 
economy of the plant ; and it is self-evident that such 
unprofitably, because uneconomically, organised plants, 
being placed under conditions not concordant with their 
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structure, will be driven from the scene by more ad- 
vantageously organised competitors.^ 

If, for example, a species of plant spreads into a district 
where it finds itself exposed to new kinds of attack, or 
if, in a district where the species arose, and where until 
now the external conditions have been suitable to it, 
these external conditions alter, it may happen that 
this species will become rarer and rarer, and gradually 
quite die out. By these alterations of external con- 
ditions we are not, however, simply to understand 
changes of climate ; for no less important are the 
changes which may occur within a given area in the 
animal world. Quite independently of the changes which 
occur in their area of distribution, animals as well as 
plants are subject to variation ; and individual varieties 
may arise with new characters, that under the special 

^ That structures which, owing to external conditions, have 
become useless or even prejudicial to a plant, thereon undergo 
gradual degradation or abortion, is a notion which must be mo|t 
decidedly rejected. The so-called process of “adaptation” is never 
a direct one, never comes simply in response to a want. In other 
words, external conditions can never occasion an inheritable change 
of form, whether advantageous or the contrary, can neither deter- 
mine the development of an organ nor its abortion. Structural 
peculiarities, advantageous and disadvantageous, present themselves 
in individual varieties, quite independently of any direct influence 
of external conditions. When the peculiarity is an advantageous 
one, its possessor, being thereby well suited for the struggle with 
its local competitors, can maintain its position, can multiply, ex- 
tend itself, and form the starting-point of a species. When, on the 
other hand, the peculiarity is one that, under the special local cir- 
cumstances, confers no advantage, or is positively injurious, its 
possessor succumbs in the struggle for existence. 
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external conditions are of advantage, and such varieties 
may form a starting-point for new species. But that 
which is of advantage to the attacking animal implies, as a 
rule, a corresponding disadvantage to the plant attacked ; 
and therefore not only is it possible, but in the course of 
ages it has certainly happened innumerable times, that 
in consequence of the development of some or other indi- 
vidual advantageous variety of an animal into a species, 
that is in consequence of the multiplication of this 
advantageously organised form of animal within a 
certain district, some plants in this same district have 
been gradually exterminated, owing to the interference 
on the part of their new enemies with the formation of 
their flowers and seeds.^ 

^ It must be borne in mind that there are species of plants which, 
though they are provided with some or other of the appliances 
described in this treatise, are nevertheless only imperfectly protected 
thereby from the attacks of those animals to which they are ex- 
posed at the present time. For instance, many of the nectariferous 
flowers of our own flora, such as Aconitum, Pedicularis, Gentiana, 
I^hododendron, Rhiuanthus, are liable to have their corolla gnawed 
through, and their nectar rifled without profit to themselves (p. 125). 
Some of these species, nevertheless, maintain themselves, and this 
in abundance. The explanation of this is in the first place that 
the flowers are not entirely unvisited by the proper opening, and 
secondly, that, in default of allogamy by the agency of insects, the 
flowering Y»rocess terminates in autogamy (e.g. Rhododendron, Rhin- 
anthus). In several of these species, however, this is not the 
case ; and these, as for instance Aconitum paniculatum Lam., are at 
the present time rare ; they produce, moreover, as a rule, no seed, 
are individually scarce, and may be fairly regarded as species on 
the way to extinction. 

[It appears to me that the ordinary blue variety of Acowi<Mw napellvs 
is protected from this lateral gnawing and useless expenditure of 
nectar, at any rate to a great extent, by some or other distasteful 
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It is not only the dying out of certain species that is 
thus to be explained by changes in the external con- 
ditions, and especially by changes in the animals to 
whose attacks they are exposed, but the same considera- 
tions account also for the further fact, that species of 
plants, which, having regard to other characters, we 
reckon as belonging to the most widely separated 
families and races, nevertheless, if growing under like 
external conditions, present similar peculiarities of 
structure. Only such structural developments as are 
of advantage are preserved, and only such individual 
varieties as arise with characters adapted to the envir- 
onment, can become the starting-points for new species. 
As, however, the process of remodelling in adaptation 

ingredient in its blue flower ; for I gathered one year in Switzer- 
land a hundred flower stems of this blue variety, and found not a 
single flower perforated ; whereas, on similarly examining a hundred 
flower-stems of the white variety in the same district, I found 
every open flower with a hole in the side. This probably explilius 
the much greater abundance of the blue variety. As regards 
Bhinanthus, I cannot but still think that the wide calyx is a con- 
siderable protection against lateral pilfering of nectar. I have 
examined a vast number of the flowers of Ehin. criatagalli, both in 
England and in Italy, and very rarely indeed have I found the 
corolla perforated. Doubtless these exceptional instances are 
enough to show that such perforation is not impossible. But there 
was no necessity for nature to make it an impossibility. Her 
object would be equally well attained if she made the lateral access 
more diflicult than the normal one by the mouth ; for the bee 
simply wishes to avoid trouble, and selects the easiest plan of 
getting at the nectar. But it cannot, I take it, be questioned, 
that the peculiar calyx of Bhinanthus is a considerable, though 
not absolutely insurmountable, impediment to the lateral perfora- 
tion.— Editor.] 
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to new conditions maiy involve simultaneously species 
from the most various families of plants, there is no 
difficulty in understanding why, for instance, in one 
floral district numerous species from the most different 
orders are found armed with thorns, while in another 
there is a prevalence of flowers with very copious nec- 
tar, and why, in short, the character of the whole 
vegetation is often determined by the predominance of 
plants that resemble each other in some similar speci- 
ality of structure. This conformity however is, on the 
other hand, greatly limited by the extreme multifarious- 
ness presented both by the means of attraction and 
by the means of protection, and by the fact that one 
and the same result can be attained by formations 
of the most diverse kinds. This circumstance indeed 
that, though the dangers to be guarded against are 
identical, yet the means of defence may be provided 
eG[ually well by the most difierent formations, explains 
lipw it is that several species of one and the same 
group are often to be found growing side by side with- 
out coming into direct competition with each other, 
inasmuch as each has its own special advantageous 
variety of organisation. Examples of this might be 
adduced in abundance, especially were we to consider 
the distribution of many Labiatai, Caryophyllaceae, Sali- 
cineae, and Cirsiums ; but by such discussions I should 
fear to exceed unwarrantably the limits of this trea- 
tise. I confine myself therefore to one single example, 
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namely, to Soldanella ; and this example I select with 
the special object of showing that the development of 
certain protective appliances against uninvited guests 
may, as it appears to me, even give rise to the forma- 
tion of new species. 

Soldanella alpina L. is well known at the present 
day as one of the most widely diffused plants above the 
tree-line on the Pyrenees, Alps, Apennines, and Car- 
pathians ; and it therefore cannot be doubted that this 
species, as well as numerous others peculiar to the lofty 
mountains of South Europe, already existed in the 
region of these upheavals, at a time when glaciers 
still covered the deep valleys, where wheat and maize 
are now cultivated and where lofty trees flourish in 
abundance. With the transition from the climatal con- 
ditions of the ice dge to those of the present milder 
period, the above-named plant, which up till then must 
have grown only in the lower situations, extended .its 
area gradually farther upwards into regions that w§re 
now no longer covered with perpetual snow ; while the 
situations it had hitherto occupied were at the same 
time invaded by a number of other immigrating species. 

This advance of the boundary line of the distri- 
bution areas must however not be conceived of as 
a sudden occurrence, but as having been brought about 
as gradually as the change in the climatal condi- 
tions themselves. One plant maintained itself in the 
valleys side by side with the new immigrants for 
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a long period, nay sometimes has maintained itself 
up to the present day, and this without change in 
its form ; a second in the same low-lying position 
gradually gave way before the iiew comers, better 
adapted than itself to the new conditions there prevail- 
ing, and found in compensation a fresh home in the 
higher regions, now become accessible to vegetable life ; 
while a third extended its boundary into the region 
above, but at the same time managed also to main- 
tain its position below, on the condition however of 
there developing into a new species. 

Soldanella alpnia belongs to the last of these three 
groups. At the present day it is to be found everywhere 
above the tree-line in the alpine region, in company 
with plants of very low organisation ; and no sooner 
is the snow melted than it is to be seen coming into 
flower, preferentially at the very border of the melting 
snpw-fields,^ on ground still soaking with ice-cold 
water. Within a tlay or two a shaft, destitute of hairs, 
and about 7 cm. in height, bearing at its top one to three 
proterogynous flowers, develops itself at the expense of 
the nutritive material that has been stored up in reserve 

• 1 I have pointed out elsewhere (Verh. d. uaturw. -medic. Ver. 
in Innsbruck, May 15, 1872) that Soldanella alpina L. will grow 
under the snow at the expense of the reserve-substances stored up 
in its evergreen leaves, on ground still soaked with snow-water, and 
at a temperature scarcely one degree above zero ; and that the heat 
which it gives out in the process of respiration melts holes in the 
superincumbent snow, through which the flower-stalks then find 
issue. 
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in tlie evergreen leathery leaves. These flowers are 
assiduously visited by humble-bees,^ so that the ad- 
vantages of cross-fertilisation are habitually obtained. 
Growing as this plant does in an alpine region, all 
protection of its nectar from creeping insects would 
be superfluous; for on the spot where it comes into 
flower there is a's yet no animal life, and the wing- 
less creatures from the neighbourhood are kept at a 
distance by the snow-water with which the ground is 
soaked. Amongst the flying insects tliat might visit it 
there are, it is true, some of such small dimensions that 
they could make their way to the nectar by passing along 
the inner surface of the corolla between the filaments, 
and this without touching stigma or anther; but for their 
exclusion five small and delicate flaps, which extend 
over the nectar-pit like a diaphragm, are quite sufficient. 
The flowering process in Soldanella alpma occupies 
only a few days. The ripening of the seeds, on the 
contrary, takes a comparatively long time. It is how- 
ever usually completed before all vegetation has come 
to an end in the alpine regions. It is only such 
individual plants as are prevented from flowering until 
August by excessive local accumulations of snow that 
fail altogether to bring their seeds to maturity. 

Now let us suppose this plant to be subjected to a 

1 In the alpine district of Trina in the Tirol I noticed that 
Soldanella alpina was visited very assiduously by Bombm terrestris, 
Protem agrarum, lapidarius, and also by Apis meUifica. 
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milder climate, where the period of vegetation is of 
greater length, and to be at the same time exposed to 
the competition of other immigrating species. As the 
Soldanella resembles most alpine plants in requiring 
the ground on which it grows to be thoroughly and 
equably soaked with water, it would now maintain 
itself best and longest in cool shady spots where the 
ground was wet ; but even there it would be hard 
pressed by the encroachment on its habitat of mosses 
and other plants of luxuriant growth, and little by 
little most individuals of the species would certainly 
perish. Here and there a plant might still maintain a 
prolonged existence, but only when it had so varied 
from the original stock as to have a much taller stem, 
by which its flowers would be raised above the dense 
mass of luxuriant moss that covered the ground in the 
wood. Now the development of this bulkier stem 
would require a longer time ; and the plant therefore 
would be unable to flower immediately after the winter 
snow had melted away, and had left the ground un- 
covered. It would, however, be unnecessary that it 
should continue any longer to do so, as the period of 
vegetation in the less elevated forest- region would be a 
longer one than higher up ; so that the Soldanella, in 
spite of its later flowering, would yet have enough time 
to ripen its seeds fully before the end of autuma Such 
a long-stalked variety would therefore be able to main- 
tain itself, to multiply, and even to spread. But at the 
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same time it would be exposed in its new position to 
an injurious influence which was quite unknown to the 
Soldamlla alpina that in past ages had occupied the 
same district. For this long-stalked sub-species when 
it came into flower would now find animal life already 
in activity about it, and would be surrounded by creep- 
ing insects that could easily climb its stem, force their 
way into the flowers, and get at the nectar by breaking 
through the thin and weak membranous scales that 
covered in the nectary ; so that the advantage of 
cross-fertilisation, which requires the intermediation 
of flying insects, would be completely lost. Under 
these circumstances there can be no doubt but that 
any variety which developed glandular and viscid 
trichomes on its peduncles, and stronger, and there- 
fore less easily forced, coverings to its nectary, would 
enjoy much more favourable conditions for survival 
than such specimens as were without these protec- 
tive appliances. And even supposing that at first 
individuals without these appliances might be found 
co-existing and intermixed with others that had them, 
yet the former would gradually become rarer and rarer, 
and at last would be entirely supplanted by scions of 
the new variety, better adapted to the new conditions. 

Now some such variety must have developed itself 
somewhere or other within the ancient distribution 
area of Soldanella alpinay and have been the starting- 
point for the establishment of a fresh species, namely 
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Soldanella montana Mikan., which at the present day 
takes the place of Soldanella alpina in the forest- 
region of the eastern Alps and of the Bohmer- 
wald, as also of the mountain plateaux of the Sudetic 
and Carpathian ranges in Moravia and Bohemia. 
This S. montana differs from B. alpina in having a 
tall stem, glandular peduncles, strong and elongated 
flaps over its nectar-cavity, and in flowering at a later 
period, counting from the end of winter. These char- 
acters it retains with much constancy even when 
cultivated ; and if the two species are planted side by 
side, as has been done by me for the last twelve years 
in the botanical garden at Innsbriick, the B. montana is 
found to begin flowering some two weeks later than the 
B. alpina, and not to open its buds until the latter is 
already out of bloom.^ 

There can be no doubt that a similar variety, pre- 
senting some or all of the above-mentioned char- 
acters of B. montana, can even make its appearance 
in the alpine region ; and, as a matter of fact, I have 
repeatedly noticed in the Tirolean Alps, where 
B. montana does not grow, single plants of B. alpina 
with tall stems and with four flowers, and I have also 
found specimens in which the scales of the corolla 
were stronger and of greater length than usual. These 

*■ 

^ On an average of ten years’ observations made in' the botanical 
gardens at Innsbruck, S. alpina L. begins to flower on April 4th, 
8. monUma Mik. on April l7th. 
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characters, however, advantageous as they are to the 
Soldanella of the forest-district, whose existence they 
render possible, are of no value to the Soldanella of the 
alpine region, and are even in some measure injurious 
to it. For the development of a longer stem, and of a 
larger number of flowers, implies more time ; and on 
the mountain heights, where the period during which 
vegetation is possible is very limited, time is most 
precious. The taller the growth of a plant, the later 
will it be in coming into flower ; the longer also will the 
ripening of its seeds be delayed, and there will even be 
some risk of their never ripening at all. It need 
hardly, however, be said, that when individuals with 
these unsuitable characters make their appearance in 
the alpine region, they never become the starting-point 
for the development of a new species, but quickly 
vanish from the scene. And a similar extinction must 
be the fate of any variety with the characters ^of 
/Sf. alpina, should such present itself amongst the 
progeny of S. montana in the forest-region. 


Innsbruck, Jan. 30 , 1876 . 
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Plate I. 

Fio. 

1. A pair of leaves on the flowering stem of Gentiana Jirma 

(Neilr. var.), magnified times. 

2. Transverse section of the flowering stem and of a pair of leaves 

of Gentiana firma (Neilr. var.), x 3. 

3. Transverse section of a radical leaf of Pinguicula alpina L., 

X 2. 

4. Fragment from the upper surface and central part of a leaf 

of FmguicvXa alpina L. ; showing the two kinds of 
trichomes, x 60. 

5. Flower of Galanthus nivalis L. ; lateral view ; natural size. 

6. Flower of Cyclamen europmum L. ; lateral view ; natural 

size. 

7. A piece of the bristly stem with a pair of leaves of Knautia 

dipsacifolia (Host) ; natural size, 
g. Several of the partly overlapping involucral bracts of Cen- 
toAi/rea eyanus L., lateral view, x 3. 

Three marginal ligulate flowers from capitulum of Ctepu 
paludosa (L), and involucral bracts of the same covered 
with glandular trichomes, x 2. 

10. Lateral view of flower of Cvrccea alpina L., x 6. 

11. Ijongitudinal section of a flower of Saxifraga eontnmrst 

Stembg., X 7. 

12. L^ial view of flower of Linncea horealis L., x 2. 

13. Lateral view of the trichome-covered calyx and bracts < 

Lirmosa borealis L., x 10. The corolla is cut off close abo\ 
the ends of the sepals. ^ 

14. Longitudinal section of flower of alpina 1^, natli 

'fOA 
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15t A single stamen from flower of Atragme alpim L., allowing 
the groove in the basal part of the filament in which nectar 
is secreted, X 2. 

16. Several stamens of Atragene alpina L., standhiig one behind 

the ether, and covering each other, x 2. 

17. Lateral view of capitulom df CmUnurm pseudopkfygea C. A. 

Meyer. Natural size. 

18. End of style of Monotropa hypopitys L., Wallr., seen from 

above, x 2 J. 

19. Longitudinal section of the anterior part of flower of Mono* 

iropa hypopitys L., x 2j. •' 

20. Lateral view of capitulum of Carlina vulgaris L. The 

mar^al flowers are^ in the position they assume at night, 
with their apices bent over towards each other. Natural 
size. 

21. Longitudinal section of flower of Ranunculus glaciaUsL.f 

xli 

22. A single petal of RanunctUus glacialis L., seen from above, 

X Ij. 

23. Longitudinal section of a single petal of Ranunculus glacialis 

L., X 1^. 

24. Longitudinal section of flower of Epimedivm alpinum L,, 

the peduncle covered with glandular trichomes, x 2. • 

25. Lateral view of flower of Ribes grosmlaria L., natural size. 

20. Part of flower of Cuphm micropetala H. B. K., x 6, slit open. 

On the calyx-tube are inserted two lanceolate petals, ani 
above each of these is a knob-shaped epiblasteme with 
bristly processes that secrete a viscid substance 

27. Lateral view of flower of Cuphm micropetala H.EKt, x 2- 

28. Longitudinal section of ftovfevQi Cuphea micropetala 

■ . ' ' ■ 

29. Transverse section of flower oi Qaphm vn/icropeta^a 

The section is made across the triangular style and close 
above the ovary) X 3; \ 

30. Ltmgitudinal section (rf flower of Monotropa gtahra Bemh., 
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Fia _ ■ , ■ ' 

31. Longitudinal section of ^ upper end of the style of Mafito- 

tropa glabra Bernh,^x4. ^Rie epiderm, which discharges 
■viscid matter, is represented by the dark line. 

32. Lateral view of flower ot Plmfihago mtopim L., x 3i. The 

calyx is covered with 10 rows of veiy viscid glandular 
trichomes. 

33. Flower of Hippocrepia comoaa L., robbed of its standard; 

seen from above, x 3^. 

34. Longitudinal section of flower of Pentastemon gentianoidas 

(H. B.) X li. 

35. Transverse section of flower of Pentastemon gmtianoides (H. ,B.) 

The section is made near the base of the flower, across the 
axis of the ovary. 

36. Lateral view of the stigma of Gentiana havarica L., x 3. 

37. Flower of Gentiana havarica L., seen from above, x 1^. 

38. Longitudinal section of the nectar-cavity of flower of 

Amaryllis belladonna L. ; natural size. 

39. Transverse section of flower of Ama/ryllis belladonna L. 

The section is made across the filaments and the style, just 
in front of the entrance to the nectar-cavity. Natural 
size. 

40. Flower of Alyssum ealydnum L., seen from above, x 4. 

PLA.TB II. 

41. Lateral view of flower of Linaria alpina (L.), x 

42. A segment of the perianth of Lilium martagon L., x 14. 

43. Transverse section of a segment of the perianth of JAlium 

martagon L., x 3. ' 

44. Lateral view of a petal of Aeonitum paniculatum Lam., x 14 . 

45. Longitudinal section of flower of Tricyrtes pilosa Wallioh, 

■ ■ ' x2:' ^ ' 

46. Longitudinal section of flower of And/rosace glaeialis Hopl)e, 

x4. 

' 47 . Longitudinal , section of flower of NigriUlla angustyfoUd 
Rich., X 6. The tips of the perianth-lobes are cut off. 
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Flo. 

48. Fronji view of flower of Nigritdla angutti^olia Rich.) 5< 6 . 

49. fjongitudinal section of flower of Anehusa aromsit L., x 3. 

60. Front view of the corolla of Pedicularis r€cutitci, L., x fl. 

61. Longitudinal section of flower of (Enothgra grand^fiora Lam. •) 

natural 817.6. 

52. Lateral view of flower of Calceolaria Pawnii Benth., x 2. 

63. Longitudinal section of flower of Pkygelitut ca'penm.y x 1 

54. Longitudinal section of flower of Oymnadenia odoratissima L. 

55. Transverse section of the upper part of flower of ApkgUaTUhen 

fnonspelunsis L, x 10. 

56. Lateral view of a corolla of Galeopsit grandijloray x 2. 

57. Longitudinal section of flower of Narcitsus jundfolita Reg.) 

X IJ. 

58. Longitudinal section of a corolla of Scutellaria alhida L., x 6. 
69. Front view of a corolla of Scutellaria cdMda L., x 6. The 

lower lip cut away. 

60. Longitudinal section of flower of Gynoglofttum pietum Ait, 

x4. 

61. Transverse section of the lowest part of flower of Oeniiana 

Jirma (Neilr. var.) The section is made close above the 
nectar-cavity, across the axis of the ovary. 

62. Transverse section of the lower part of flower d Geramum 

Pohertianum L., x 6. * 

63. Flower of Matthiola mria (Sibth. et Sm.), obliquely 

from above, x 2. 

64. Lateral view of flower of Qenticma ciliata L., natund sira 

65. One of the two inner petals of Hgpecoum procvmbens L, 

seen from the side turned towards the ovary, x 2^. 

66. Lateral view of flower qf Mijpecoum proeunibem L., x 3. 

67. Longitudinal section of flower of Swertia perermis L., x Zi 

68. Lower part of a petal of Swertia perermii L,, with the two 

neotariferoufl epiblastemes, x 8. 

69. Longitudinal section of one of the nectariferous ^Iblasteknea 

from the petals of Stoertia perennist x 10. 

70. Longitudinal section of a short-styled flower of Menyanthm 

tHfoliataJMj^Z, 
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Fia. 

*71. Front view of flower of Melamjfyyrum pratense L., x 6. TRe 
lower lip cut away. 

72. Flower of Gentiana nana Wulf., seen from above, x 6. The 

aperture of the flower is seen to be closed by eight fringed 
epiblastemes. 

73. Longitudinal section of flower of Symphytum officimle L., 

X 2. 

74. Two stamens alternating with two prickly epiblastemes, 

from flower of Symphytum ojfficinale L., x 3. 

75. Lateral view of flower of Tellima grandijlora Lindl., x 2. 

76. Longitudinal section of flower of Soldanella alpina L., x 2. 

Plate III. 

77. Lateral view of a petal of Nigella elata L., x 5. 

78. Longitudinal section of a petal of Nigella elata L., x 5. 

79. A petal of Nigella satii}a L., seen from above, x 7. 

80. A petal of Nigella sativa L., robbed of its lid-shaped appen- 

dage, seen from above, x 7. 

81. Longitudinal section of flower of Passijlora vespertUio L., x 2. 

82. Front view of flower of Cuphea platy centra Planch., x 3. 

83. Longitudinal section of flower of Parnassia palustris L., x 2. 

84. ‘A single nectary from flower of Parnassia palustris L., seen 

from the side turned towards the ovary, x 2. 

85. Longitudinal section of flower of Cohaea scandens Cav. ; natural 

size. 

86. Longitudinal section of the nectar-cavity of flower of Epi- 

lohium angustifolium L., x 2. The petals cut off. 

87. Longitudinal section of flower of Mamillaria glochidiata 

Mart., X 3. 

88. Longitudinal section of flower of Campamula harhata L., x 2. 

89. Stamen from flower of Campanula harbata. The dilated and 

hollowed base of the stamen is seen from the side turned 
\ 

towards the style, x 1 

90. Longitudinal section of flower of PotentUla micrantha Ram., 

x6. 
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Fio. 

Lateral view of flower of Veronica i^nairueanje l*,, x 3 . 

92. Longitudinal section of the corolla of Veronica Chamadryt 

L., X 3. 

93. Front view of flower of Veronica officinalis L., x 4. 

94. Longitudinal section of flower of Veronica officinalis L, x 4. 

95. Side view of the lower half of the ovary, of a staiiu'n, and of 

the lower part of a segment of the perianth of Tulipa «iL 
vestris L., x 2. 

96. Longitudinal section of flower of Louicera alpigcna L., x 2. 

97. Longitudinal section of flower of Centranthns ruber (U), x 4. 

98. Transverse section made across the middle of the corolla of 

Centranthns ruber (L.), x 12. 

99. Longitudinal section of flower of Horminum pyrcmicum L,, 

x2. 

100. Transverse section of flower of Horniwnni pyrcnaicnm L. 

The section made just in front of the wool at the bottom of 
the corolla, x 2|. 

101. Longitudinal section of flower of PMox pnniculata L., x 2. 

102. Longitudinal section of the lower part of flower of Phlox 

paniculata L,, x 6. 

103. Longitudinal section of flower of Vaccininm oxycoecos L., x 3. 

104. Transverse section of the whorl of still’ filaments of Vaccininm 

oxycoccos L., with their edges beset with trichomes, x 3. 

105. Transverse section of the corolla of Malm rotundi/olia L, ; 

the section is made near the base of the corolla, x 5. 

106. Longitudinal section of lower part of flower of Vinca herbacea 

W. K., X 4. The tips of the petals cut olf. 

107. Style of flower of Vinca herbacea W. K., x 4. 

108. Stamen of Vinca herbacea W. K., seen from the side turned 

towards the style. 

109. Longitudinal section of flower of Haplophyllum patavinum 

L., X 4. 

110. Longitudinal section of flower of Arctostaphylos uva ur$i 

(L.),x6. 

111. Longitudinal section of flower of Cininm spinosimmum L., 

x2. 
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112. Longitudinal section of lowest part of flower of Daphne 

Blagayana Freyer., x 12. 

113. Inflorescence of Dmnthus prolifer L, x Ij. The tough 

membranous bracts closely invest 5-7 crowded flowers, 
which, one after another, protrude their petals, stamens, 
and styles beyond the bracts, each opening and closing 
twice. Each flower occupies two days in blossoming. 
After this the parts of the flower which are above the 
bracts shrivel up, and another flower protrudes its petals, 
stamens, and style. 

114. A single flower of an inflorescence of Dianthus prolifer on its 

first day of blossoming, x 14 , 

115. Flower of Silene nutans L. as seen at midnight, natural size. 

116. The same flower of Silene nutans L. the following midday, 

natural size, 

117. Stipule of Impatiens tricornis Wallich., transformed into a 

nectary, seen from below. On the most convex part is a 
drop of nectar ; to the right of the nectary is the petiole ; 
and behind the nectary is seen the forked peduncle, 
springing from the axil of the leaf ; x 10. 

118. Section of the stipule of Impatiens tricornis Wallich., having 

the function of a nectaiy, x 10. 
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A. 

Acacm longi/olia W., 13G. 

Acer platanohles L., 50. 

Aconitim, 28, 38, 112, 125, 142. 

jianiculatum Lam., 52, 112, 

142. 

xnilparia Rchb., 52. 

^chima, 40. 

cmruka Beer., 41, 101. 

Alchemilla vulgaris L., 37, 38. 
Alisma, 44. 

Allionia, 52. 

Allosorus crispus (L.), 38. 

Almis, 49. 

Alsine viscosa Schreb., 52. 

Alyssum calycinum L., 00. 
Amaryllk, 123. 

belladonna L., 123. 

Ampelopsis hetleracca L., 125. 
Amyydnltnv, 103. 

Anchusa arvetish, 83, 

Androsace, 113. 

Hoppe, 11.3. 

Angebnia gramli/lora C. Hub., 58. 
Anthjllis, 123. 

alpestris Kit., 20. 

Antirrhinum^ 100. 

mijus, 23. 

Apfiyllanthes monspeliemis L., 120. 
Aposeris /(xtida (L.), 20. 

Aquilegia, 52, 112. 

Arctostaphylos alpina L., 87. 

uva ursi (L.), 30, 87. 

Aristolochia, 29. 

Asarum, 29. 

Asclepias, 68. 

Asperi/olicB, 21, 71, 78, 83, 102. 
Asperula bngijbra W. K., 111. 


Ait})ernla odornfa L., 20. 

I Atractylk, 7.'>. 

Atrngene, 105. 

alplmi L., 105. 

Atrofm btlhidonna li., 20, 88. 
Azalea ]>rociimJnais L., 30. 

B. 

Jiallota, 20, 83. 
liegonia nuinicata Vis., 28, 
liHalo, 40. 

IJillhergia, 40. 

pyi'anddalia L<11., 41. 

Bromeliarea, 41, .55. 

Bnph nnun rofiindi/oliiim L., 128. 
Butomus, 44. 

Cactea-, 103. 
i'nbminlha alpina, 87. 
Valaularia, 117. 

l*an>nii ileuth., 117. 

ijarnjxtnnla , 102, 103. 

harlnifa, 35, 81, 8G, 103. * 

Caiqnilltica, 103. 

™ jHitula L. , 10.3. 

- jM’i'sh'ij'olia L. , 103. 

jq/ramiilallM L., 103. 

I rapunvAdoiden L., 103. 

j npicata L., 103. 

I tracludium L., 103. 

j CampanulaceiH, 37, 86, 
Capri/otiacece, 128. 

Cardum, 75. 

Carex Jirma Host., 30. 

Carlina vulgaris L., 71, 76. 
Caryopfnjllaceas, 12, 21, 52, 126, 130, 
1.32, 135, 144. 

Catalpa syringa/olia Sims., 136, 
137. 
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CeMaurea, 72. 

■ cyanus L., 72, 73, 75. 

pseudo-jjhrygia C.A.M., 37. 

Centranthm awjmUfolius L., 89. 

ruber L,, 24, 89. 

Cerastivm, 61. 

Chelidonium, 29. 

Ghelone, 121. 

Ghenopodium Bonus Henricus L., 
38. 

Girccea alpina L., 61. 

Cirsium, 86, 144. 

eriophorum (L.), 98. 

spinosissimum (L.), 38, 86. 

Gistus ladani/eras L., 52, 60. 

populifolius, 52. 

Glematis, 105. 

Gleonia ludtanica L., 97. 
Gkrodendron fragrans W., 137. 
Gobma scan dens Cav., 88. 
Colchicum, 11, 29, 36. 

Gomarum palustre L., 48. 
Compositce., 21, 81, 86. 

Conium, 29. 

Convolvulus, 120. 

arvensis L., 120. 

sepium, 120 . 

dculus L., 120. 

\ricohr h., 120 . 

Corydalis, 100. 

Crassidacexff, 29. 

Crepis paludosa (L,), 60. 

pidchra L., 44. 

Crudanella gilanka Trin., 111. 
Crucifenr, 21 . 

Cuphea micropetala H. B. K., 62, 

64, 65. 

platycentra Thpch.,, 18, 95. 

Cuscuta, 37. 

Cyclamen, 29, 102. 

europceum, 129. 

Cyclostigma, 108. 

Cynarocephaloe, 76. 

Cynoglossum pictum Ait., 100. 
Cytistis alpinus Mill. , 36. 


D. 

I Daphne Blagayana Freyer., 88. 

striata Tratt., 30. 

Datura, 28. 

stramonium L., 38. 

Dianthus prolifer li., 127. 

I viscidus M. B., 52. 

Dklytra, 100. 

Dictamnus, 52. 

I Digitalis amhigua Murs., 18. 
DipsacAis laciniatus L., 41. 
Dodecatheon, 102. 

Drosophyllum lusitanicum (L. ), 
51. 

Dryas, 103. 

octopetala L., 30. 

I E. 

Empetrum, 30. 

Epilobiim angiistifoUum L., 102. 
Epimedium alpimim. L., 51. 
Eremurus taicrkus Stev., 18. 
Erka, 102. 

Erodinm, 61. 

Eryngium alpinum L., 75. 

campestre L. , 38. 

Euphorbia, 29. 

Euphrasia, 36, 38, 81. 

- longifora, Vahl., 111. 
viscosa L., 52. 

F. 

Fedia gracilijlora, 111. 

Festuca alpestris R. Sch., 31, 
Fumaria, 100. 

G. 

Oalanthus nivalis L., 130. 
Oaleopsls, 114. 

grandijlora, 71, 114. 

puhescens, 71. 

'Tetrahit, 71. 

Qaya simplex, 37. 

Oentiana, 108, 120, 125, 129^ 142. 
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Gentiam mstiva, 108. 

•bavarU'a, 18, 108. 

cUiata L., 81, 94. 

Jirma (Neilr. var.), 120, 120. 

germnnicaW., 18, 83. 

hnbi'kuta Froeb., 108. 

I atm L., 43. 

nana Wulf., 82, 83. 

nimlis L., 108. 

pannonka Scop., 43. 

pumlla L., 108. 

punctata L. , 43. 

nirkulom L., 108. 

verna L., 108. 

Gentiantoi, 84, 128 
Georginia, 36. 

Geranium, 52, 61, 82, 87, 88, 112. 

paludre L., 87. 

Rohartkinum L. , 20, 1 12. 

dlvatkum L., 52, 87. 

Oeimi, 103. 

Gladiolun, 102. 

Olobularia cordiJoUa L. , .30. 

nudicauUs L., 30. 

Qymnadenia odoratl.i-dma (L.), 36, 


Hapbphyllum patainnum (1..), 85. 
Hedymmm ohHcurwni L. , 37. 
Ilellebonis, 28. 

Henwrocallis, 102. 

Henperis tristis L., 130. 
Hippocrepk, 123. 

comosa L,, 123. 

Holosteim glutinosim M.ll, 52. 
Iformiimm pyrauikim L., 83. 
Hottonia, 44. 

Hydrocharis, 44, 

Hyoscyamus, 38. 

Hypecoum, 107. 

procumJbens L., 107. 

Hypericum, 61. 

I. 

ImpatknstrkornisV^dW:, 137, 138. 


fp^naa riolacm- Hurt , 88. 

/rk tuhcrom L., 18. 

. 1 . 

Juglans, 40. 

Jmu'ns Ini/nitiits L., .’{O. 

trijitlu-i I.., .30. 

K. 

Kcnfrop/iy/hiin, 75. 

Kiuiutia dipmcij'oliii 72. 

L. 

Lab!ata,a2, 61, 71, 75, 8.3, 144. 

Laclitai, 20, 68. 

tiiigada ttd , 67. 

.sa til'll 67 . 

Lagn'cin ciinuiio!dr.i h., 07. 
Lamium, 20, 8.3. 

LinnpronHrtix, 40. 

Wcilhai'liii Koch., 41. 

La pun nil conumink L., 44. 
Lathran, .37. 

Led II m, 52. 

fMiladi'f, 60. 

Lionni'iiK, 77, 83. 

In ti l•opl^!/tl>lK, 76, 8.3. 

J^ipidinin di'ithii, L., 20. 

pcrjvlialum L., 128. , 

Lilk.i, 3(), 84. 

LilUnn I'linkrdonkmn L., 84. 

mart agon L. , 111. 

Linaria, 100. 

atpina L., lOO. 

rulgariH L., 20. 

Linua'.a, 10. 

boreal k, 10, 51, 61. 

Linuin cathartic urn L., 111. 

imcomim L, , 52, 111. 

Luite.ra oiaita R. Br., 52. 
Lonkera alpigtna L., 87. 

caprifoUum L., 125. 

etrunca Santi, 125. 

nigra 87. 

sempervireiiH L., 87?" 
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Lonkera xylosteum L., 87. 

Lotus, 123. 

Lychnis viscaria L. , 62, 63, 60. 
Lycium harbarum L., 88. 

Lycopus, 87, 90. 

M. 

Mahmcm, 85. 

Malva rotundifoUa, 85. 

Mallows, 36. 

Mamillaria glochidiata Mart., 103, 
104. 

Marruhium, 10. 

peregrimmlj., 38, 88. 

Matthlola varia Sm., 111. 
Medkago, 123. 

Mdanipyrmi, 77. 

-pratense L., 77. 

Midianilim, 23, lOG. 

Mentha, 90. 

Menyantlics trifoUata L., 87. 
Mesemlmianiheime, 1 U.':!. 

Milfoil, .37. 

Monotropa, 37. 

glabra Bemh., 65. 

hypopitys L., 86. 

N. 

Narcksus junci/ollus Eequ., 110. 
Nardus sfricta L., 30, 38. 

Neotiia, 37. 

Nicandra jdiysaloides (L.), 102. 
Nigella, 101. 

damascena L., 97. 

(data L., 101. 

sativa L., 101. 

Ni(jritdla angustifolia Rich., 36. 
Nuphar, 44. 

Nymphoea, 44. 

O . 

(Enothera grandiflora Lam., 110, 
Onobrychis, 123. 

Ophelia, 84. 

Ophelia Wilfordii A. Kern., 108. 
Opimtia, 103. 


Origanum, 90. 

Orobanche, 37, 81, 

P. 

Pcederota ageria L., 87. 

— ^ bonarofa L., 87, 

Pa‘onia, 28. 

Paptaver, 29. 

Parnassia, 36. 

I palustris L., 91. 

Passiflora, 84. 

I vespertUio L., 84. 

Pedkularis, 12, 20, 76, 77, 81, 111, 
125, 142. 

/ol/o.sa L., 76. 

I jactjuini Koch, 20. 

incarnata Jacqu., 20. 

• aCderi Vahl., 76. 

I recutita L., 70. 

rosea. Jacqu,, 76, 

tiihifora Vhoh.., 111. 

verticillata L., 76, 

Pentastemon, 15, 121. 

gentianoides (H.B.), 15, 121. 

Persica, 103. 

Phloniis, 83. 

Phlox panknla.ta L. , 83. 

] Phygdim capensis, 23, 106. 

I Physalis atrvpliei folia Jacqu., 85. 
Phytemm, 102. 

hemispluericum L. , 36. 

Phytolacca, 29. 

Pinguicwla, 55, 57. 

alpina L., 55, 57. 

grandiflora Lam., 65.. 

leptoceras Rchb., 56. 

vuhjarish., 55. 

I Pinks, 36. 

Pirola uniflora, L., 36. 

Plantago major L., 30. 
Phtanthera, 112, 

hfolia L. , 36. 

Plumbago, 10, 51. 

europeea L., 50, 61. 

PoUmonium ccemlaum L., 88. 
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Poh^muvi (imphibium L., 44, 46, 

Polytrickum, 39. 

Populus, 49. 

Potentilh, 104. 

mkrantha Ram., 104. 

Primula, 113. 

• gbUinosa Wulf,, 18, .'>6. 

hirmta All., 55. 

longijlora All., 111. 

minima L. , 87. * 

tirolkii.Hk Schott., .55. 

villom Jacqu., 55. 

“ — vkeoaa All., 5.5, 

Prunella, 83. 

Pnmvs, 61. 

avium L., 136. 

laurocera-mtt L., 137. 

armeniaca, 137. 

PuUcaria meom L., 52, 137. 

R. 

Ramondia, 102 . 

Kamtnculaceoe, 105. 

Raminadus, 104. 

gkdd/kL., 37, 104. 107. 

Rhinanthii^, 142. 

angmiifoUnn Cimcl., 97. 

Rhododendron, 30, 12."», 142. 

ferrugiuenm L., 38, 87. 

hiraitum L., 87. 

Rihes gromdaria L., 61. 

Rkimis, 136. 

Robinia viscoM Vent., 51. 
Rosaceix, 103. 

Rxmex alpinm L., *48. 

S. 

Sagiitaria, 44. 

SaUdnece, 144. 

Salix daphioides Vill., 69. 

pentandra L. , 59. 

Salvia, 51. 

Sambncus ebulus L., 29. 
Saponaria glutinosa M. B., 58. 


Sai^maria jwrrigem L., 68. 
Saxifraga eontrorerm Sternbg. 61. 
Sax\fragfa\ 21, 52, 01. 

Scabiosa, .37. * 

Scrophtdariarrfe, 52, 75. 83. 
Scutellaria, 116, 117. 

alhida L. , II 6, 

Sfdmn da.aiphtillum L., 61. 

' Scmperririi rn ararhuoideum R.. 
i 98. 

! Snu'cio cordatUA Koch., 37. 

doroulcum L., 37. 

... rkcn.aiA li., 58. 

Sdene>r, .52. 130. 

' Sili’ui’ edi'ila I’ourr., 131. 

inapt lid li., 53. 

Kltaihclii Vis., 131. 

— >• loiigijtora Khrh., 131, 133. 

- - ■ III iisri pula I,., 52, o3. 

iioiihltira h., 58. 

iiiihiiis I,., 53, 54, 133, 134. 

parai/o.ra !>., 131. 

.,a.,;/ra;jti, I.., 131. 

. rid/tdn 1.., 131. 
ri.-iC0<a IVrs., 52. 

I'ifteoAi.-iditiir 'I'cll., 52. 

• Siiiyi Ilium pi r/iiliiif am Mill., 128. 
Solatia eeiv, 102. 

Solanum, 28. * 

j Soldo iii'lla, 144. 

alpiiHi L., 145-151, 

moiifaiia Mik., 149- 151. 

S/iergida, 61. 

Starhys, 83. 

Stella rid erraHtnidex L., 61. 
Sternhergia, 11. 

Slratioh'x, 44, 

Sivertia, 84. 

perennk L,, 84. 

Siiniphytum, 78. 

officinak L., 78, 

T, 

Tellimn grandifiora Ul., 81, 94, 
95. 
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Thmvm, SI. 

ThktleSj 38. 

Thymm, 90. 

serpyllum L., 8,1. 

TillaTidnia, 40. 

Trkyrtes pilosa Wall., 106. 
Tri/olium, 123. 

alpinum L., 37. 

badium Schreb., 10. 

TrixagOf 81. 

Tropceolum, 94, .112. 

Tmjw L. 94. 

TuUpa silveatria L., 88 . 

U. 

Utricularia, 44. 

V. 

Vacciniim oxycoccoa L., 86 . 
Vitia Idcea L., 30. 


Veratrum, 29. 

Verbaacum, 37. 

Verbena officinalis L., 83. 
Verbemcece, 83. 

Veronica, 83. 

Veronica Chanwadrya L., 84. 

officinalis L., 84. 

Viburnum Opuha L., 137. 

Tinua L., 137. 

Vicia, 137. 

faba L., 136. 

sativa L., 136. 

septum L,, 136. 

Villaraia, 44. 

Vinca herbacea W.K., 89. 

Viola, 123. 

odorata, 36. 

Vriesia paattidna Morr., 41, 55. 

X. 

Xanthium apinoaum L., 38. 
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